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PLAN OF THE WORK. 



I WELL recollect the first chemical experiment I 
ever witnessed, which was performed by my distin- 

C' bed instructor, Dr. Ure, in the Andersonian 
itution, Glasgow, and went to prove that water is 
composed of two (Afferent sorts of air, or, as chemists 
term them, gases. I was delighted — I may rather 
say enraptured — ^with the clearness of the unquestion- 
able and irresistible proofs, and lay awake the greater 
part of the following night, mentally repeating and 
re-cepeating the premises and the inferences there- 
from, and vnshing (vainly indeed, but I could not 
help it,) that it had fallen to my lot to have made 
Cavenmsh's discovery of the extraordinary facts of 
the composition of water. My mind was roused into 
a train of thinking entirely new, and as I pondered 
over the various circumstances, firesh combinations 
arose in numerous and delightful succession. I know 
not, indeed, that I ever experienced greater pleasure 
afterwards, even when I had mastered the rudiments 
of the science, and heard from duotli^i V\^^ ^^'vxsi:- 
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guished chemist, Dr. Thomson, whose pupil I also 
had the good fortune to be, the interesting doctrine 
of proportional combination, than I first felt from 
seemg the composition and decomposition of water. 

I have mentioned the preceding as an individual 
instance of the pleasures arising from the study of 
chemistry, to show that they may all be traced to the 
general source of awakening the mind to activity, 
rousing up into life ideas previously dormant, and 
bringing into play the various processes of investiga- 
tion, comparison, and decision ; a principle which, so 
far as we can judge, obtains universally, in whatever 
channel the taste of individuals may run. In a che- 
mical experiment, one portion of the pleasure also 
arises from comparing tne original state of the mate- 
rials employed, with the results either of separation or 
of combination which the experiment effects ; while 
in painting and the other imitative arts, the pleasure 
in part arises from* the comparisons and decisions 
made by the mind, between the imitation of the artist 
and the thing imitated. 

Independently then of its utility in arts and manu- 
factures, it will follow from the general principle just 
laid down, that the study of chemistry is entitled to 
rank high as a source of refined intellectual pleasure, 
endless as the experiments which may be devised, 
and varied without the possibility of exhaustion. I 
cannot better exhibit the pleasure and utility com- 
bined in this fascinating study, than in the words of 
Sir John Herschel. 

" The wonderful and sudden transformations," he 
says, " with which chemistry is conversant, the violent 
activity often assumed by substances usually con- 
sidered the most inert and sluggish, and, above aU, 
the insight it gives into the nature of innumeraUe 
operations which we see daily carried on around n% 
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have conlribated to render it the most popular, iu it 
is one of the most eitentively useful, of the Bciencea ; 
and we shall, according!}', find none which havo 
apruaae forward, during the last century, with such ei- 
traormnary vigour, and have had such extensive in- 
daence is jiromoting correspooding pio^resa in others. 
One of the chief causes of its popularity is, perhaps, 
to be sought for in this, thai it is, of all the scienceE. 
perhaps the most completely an csperimental one ; 
and even its theories are, for the moat part, of that 
generally intelligible and readily applicable bind 
which demand no intense concentration of thought, 
and lead to no profound mathematical researches. 
The simple process of inductive generalisation, 
grounded on the examination of numerous facts, all of 
them presenting con^derabte intrinsic interest, has 
■ufiicea, in most instances, to lead, by a clear and 
direct road, to its highest laws yet known. 

" Every department of art has fell the influence f if 
these, and new instances arc continually starting forth 
of the unlimited resources which this wonderful sciencit 
developes in the most sterile parts of nature. Not to 
mention the impulse wMch its prt^ess has given to 
a host of other sciences, which will come more 
particularly under couiadeTation in another part of 
this discourse, what strange and unCKpected results 
has it not brought to light in its application to some 
of the most common objects! Who, for instance, 
would have conceived that linen rags were capable of 
producing more tUaa Mrir own toeight of sugar, by the 
■imiile^aecncy of one of the cheapest and most abun- 
dant acids p — thafdry bones could be a magazine of 
imlrimeat, capable of preservation for years, and 
readjr 1o yield up their sustenance in the form best 
■dapted to the support of life, on the applit 

fi3geI>t, steam, wlodk ea^en w 
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jr of an acid at once chcmi and 



version into a anbatance bearing no remote analogy to 
bread : aod though ccrtmnly lesa palatable than that 
of flour, yet no v»j disagreeable, and both whole- 
Bome and digestible ax well as highly iiutritiTe? 
What economy in all processes where chemical agents 
are employed, is introduced by the exact knowledge 
of the proportiona in which natural elements unite, 
and their mutual powers of diaplacing eaeli other ! 
What perfection in all the arts where fire ia employed, 
either in its more violent applications, (aa, for instance, 
in the smelting of metals by the introduclJon of well 
adapted fluxes, whereby we obtmn the whole produce 
of the ore in its present stale) or ia its milder forms, 
as in sugar-relining, (the whole modem practice of 
which depends on a curious and dehcate mark of a 
late eminent scientiiiG chemist, on the nice adjustment 
of the temperature, at whidi the crystallization of 
syrup takes place) j and a thousand other arts which 
it would be tedious to enumerate I " 

It would require a treatise like those of Chaplal, 
Patkes, and Dumas to show the eiteosivc utihty of 
diemical knowledge in manufactures, and it is intend- 
ed as soon aa possible to take up the various branches 

of BlEACHTNS, DvEINQ, BaEWtNG, B BEAD UA KIND, 

and other chemical manu&ctures, uniform in ^lan «ith 
this Alphabet, which may beconaideied aa introduc- 
tory to these and three others, required to complete 
our original design. 

As in the other little works of this aeriea, I have 
tried every possible means to render the subject pimn, 
and up to the diviaon where the principle upon which 
chemical terms are formed is explained, I have men- 
tioned none in the text that could by possibility be 
apoided, 1 have besides witiodiwed, for the sake of 



interest and VBriety, as well as of iltu9tratioii,agTeatei 
number of experimeitts than I at fir^t deemed ne- 
ccBBary iii acooidance with mj plan. 

It may be well, at the outset, to point out to the 
beg^er, the difference between the study uf Che- 



mistry which proceeds by experiment, and the study 
of Natural History, whieh proceeds upon observa- 
tion, (both make use of analogy) ; and I cannot do 



this better than in the words of Sir H. Davy, dedd- 
ediy one of the most distinguished chemists who have 
hitherto appeared. 

■ The foundations of chemical knowledge," he says, 
" are, observation, exj>eriment, and analogy. By ob- 
servation, facts are distinctly and minutely impressed 
on the mind ; by analogy, similar facts are connected; 
by experiment, new facts are discovered : and in the 
proeressioti of Icnowledgc, observation, ^ded by 
anaWy. leads to experiment ; and analogv, cou- 
firmea hy experiment, oecomes sciendlic trutL. To 
give an mstance, — whoever will consider with atten- 
tion the slender green vegetable fibres of crow silk 
(Conferva) which, in the summer, exist in almost all 
iitreams. lakes, or pools, under the different circum- 
stances of shade and sunshine, will discover globules of 
air upon the iUaments exposed under water to the 
sun, but no air on those that are shaded. He will 
find that the elfect is owin^ to the presence of light. 
This is an o/neniaiiim ; but it ^ves no information re- 
specting the nature of the air. 

" Let a wine-glass filled with water be inverted 
over the crow silk (Conferva) ; the air will collect in 
the upper part of the glass, and when the glass is 
filled with air, it may be dosed by the hand, placed 
in its usual position, and an inflamed taper introduced 
into it J the taper will bum with more hrilUiincy thwi 
^jg the atmosphere. This is An erperimeitl. 
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** If the phenomena are reasoned upon, and the 
question put, whether all vegetables of this kind, in 
fresh or in salt water, do not produce such air under 
like circumstances ? the inquirer is guided by analogi/ ; 
and when this is determined to be the case by new 
trials, a general scientific truth is established, namely, 
that all plants of crow silk (Conferva), in the sunshine 
produce a species of air that supports flame in a supe- 
rior degree." 

The best works on the subject for the student to 
peruse, after he has mastered the Alphabet, will ap- 
pear from the numerous references which I have maae 
throughout, in mentioning the discoveries of individual 
chemists. 

I am indebted to Messrs. Agnew and Zanetti, 
of Manchester, for the portrait of Mr. Dalton, which 
forms the vignette to the title-page. It is copied from 
a print published by those gentiemen, and is a good 
likeness of the first chemist of this country. 



Ialphabet of scientific 
chemistry. 
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( older experimenters had a notion that lead, 
iron, and other metals, could be changed into gold, 
by means of what Vian termed the phUoiopher't ilone, 
the discovery of which it was their grand uitu to 
effect; and though it appears evident from the pri>< 
peities of g-old that do discoTer; of this hind could 
eter be made, yet the numerous experiments tried 
iritb ttus view, led to the investigation of many im- 
portant facts. Moet of such eiperimenta were made 
by meaiu of fire, and hence, in Arahia, where they 
were at one time much pursued, the experimenleii 
were termed A/cAemuls, meaning " The Firists," oi 
"The Fire Philosophers;" and meto^boTC^'j " "^^^ 




The word "Chemistry," then, fonned by droppiq 
the Arabic M, and modifying the termination, a' 
I the English form of" Ministry' and " Registry," strictly 
Fig^oifies " Fire Science," and tliough, in general, it 
means more thnn tht» in modem books, we E^lidl see, as 
we proceed, that the action of fire, or heat, is, or tmght 
lr> be, one of die chief objects of chemical study. 

Taking the word " Chemistry " ui its most curapre- 
henMve sense, it appears to mean the science of the 
composition and decomposition of substances. This, 
of course, includes the lau's by which substances ore 



eompoBed or decomposed, as well as a knowledge of 
the umple substances which enter into any compound 
Bubatunce. 

If the re^ler nill take the troable to compare the 
ftbuTe with what are very inaccurately tenned deflni- 
HDns ' of chemistry, from that of Dr. Black, in 171)6, I 
to those of Dr. Turner, and Dr. Ure, he will see tht 
it is plainer to a beginner, and at the same time mor 
comprehensive than any of them. 

Il appears, then, that chemistry must comprise a; 
extensive portion of the philosophy of nature ; but il 
IB usuaJ and convenient to distinguish it from what Is 
coinmoiity termed natural philusuphy, or physics 
The dislinetiuDs which have been made do not apply 
very accurately in every instance ; but it may be aaid, 
in general, that, in chemistry, we study changes thai 
take place on a suuill or minute scale ; and in physii 
those on a great or extensive scale, aune particularly 
tnotiaas and the forces producing them, as well as the 
n^ght, density, eixe, and form of the substances 
moved. Chemistry, on the other hand, has little ti 
do with such motions as are apparent to the eye, 
chemical changes being generally effected without 
any perceptible motion ; for such motions as oi 
iifapiliiig and in effervescence arc ax^countcd for by 




3 slices, or grated down, the o]ieration is physiea] ; 

t could be separated into the flour, the yeaEt, 

: water, and the salt wiih which it was made, 
the process would be chemical. 

Ap.in, if I break a piece of chalk with a hammer, 
he motion of the separated particles is visible, but 
they undergo no change of composition, each par- 
ticle being white and brittle, like its fellow, conse- 
quently their separation is merely phyaicaL But 
chalk ' is a compound, and not a simple substance, 
and if I separate it into a |jarticular sort of earth*, 
a particular sort of gaa', of which it is composed, 
, the flcparalion is chemical. This separation could 
even be curried farther, I'or the earth itself, thus sepa- 
rated from chalk, is composed of a sort of metal ^ and 
rt of gas ' ; and the gas lirst obtained is composed 
ot pare charcoal ', and another gas, as we shall after- 
wards expUun at lenj^h. 

Chemistry, then, is distinct from physics, though the 
two are often advantageously blended in ]jhilosoplu- 
cal investigations ; for the knowledge of one great 
doss of facts always bears more or less on the know- 
ledge of other classes of facts, and coiisequenlly 
nothing can he more injurious to a student's progress 
than confining the attention exclusively to one sci- 
ence. It was by combining his chemical knowledge 
of heat with his physical knowledge of mechanism, 

(i) Teohnlrally, Carbimatmf limr. ;a) Tcchnlcelly, trtM. 

wholiiUy, Carionic ncW JM. (i) Trr^brAcMj .Calcian, 
a) 71»clinlcally, (Jr^gtnfH. Ifi) TccliiilcalljF, Ciir*D«. 



that Watt petfected the sleaxa engiae ; and it has 
beea by a einiilar combination of clicinical and phy- 
aicaL knowledge, that ihe various bninehea of tile 
inestimable art of printing liave been so miraculously 
improved. 



Ih complieated subjects, like that of chemistry, it is 
oOeii (lilficult to s^e upon a point of view such a 
shall not ijonfuse a beginner at the out-set, (ind pro- 
bably deter him from proceeding. A great numb 
of introductory chemical works commence with e 
planations of the geuerol laws affecting the cotnpo- 
ailJon and decomposition of aubetancea, a method 
wluch compels the authors to introduce many things 
that no mere beginner can possibly understand ; for 
na general position can be understood till the parti- 
culars are first mastered, and therefore it is evidently' 
the simpler way lo begin with particulars before 
coming to generalE. 

As chemistry then is the study of the composition 
and decomposition of substances, and as compoiilion 
implies that which ie compound, made up of what may 
be umple, we ought, it would hence appear, to begiu 
with the simples of whith compounds are constituted. 
Modmi discovery, however, has rendered simple sub- 
Stances rather numerous, and a mere descriptive cata- 
logue of these, would, by moat readers, be considered 
dry and repulsive ; the very worst character that a 
- jf ^ y a n ei^s book coutd have. 



Taking these circumstances, tlien, into coiisiderB' 
tion, I shall follow a sort of middle course; for while 
I shall avoid the preposterous practice of teaching- 
general laws hefore the particulars from which these 
are deduced, I shall equally avoid giving' a mere dij 
catalogue, like the Liuncean books on Natural History, 
that are useful and indispensable to consult for cer- 
tain facts, but devoid of the interest requisite to inspire 
enthuMasm, fascinate the student's attention, oiid eiieer 
him on as he advances to the higher branches of the 
science. 

With this view, I shall direct the beginner to Bonie 
of the most common compound substances, such as 
water and air, and then proceed to the more compli- 
cated substances, such as sea-water ; an inquiry into 
the composition of which will lead to several important 
general principles. It will be previously necessaiy, 
■ however, to give a brief sketch of tiie kind of su b- 
stances at present considered simple. ^^| 



It is generally, though I believe erroneously, sta- 
ted in books, tlmt the ancient philosophers reckoned 
only four simple substances, out of which all things 
were compounded. What l/iei/ termed the elements, 
however, namely, " Fire, Air, Earth, and Water," were 
certainly not considered in the same light as our 
diemisls now consider simple substancEs, of which 
the ancients probably had no more id'ea than they 
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f^oulil have had of the Btciun engine, or of gaa- I 
lighL 

The things considered simple by modem chen 
are those wMch have littherto resisted every mean* 4 
tried to decompose them iuto tilings more simple, I 
tkough it is not at all imptobable, that many of them f 
may, in progress of time, be distovered to be corn- I 
pounds, OS water ivas proved to be composed of two I 
gases at the commencement of the greatest e 
chemistry, and as potass and lime were more recently i 
proved to be composed of metal and gas. 

EndeavourB have been made to arrange the tilings 1 
which chemists now consider simple, into classes, but j 
in some instances, very onsuccessfuUy, so that I shall ] 
not at first trouble tlie banner with these, but ci 
tent myself with stating, that there aie reckoned | 
&}Ky-one simple metals, six simpl,c soliils, not 
lic^ four simple gases, with the new substance, ifuniiMv i 
usually liquid, and a supposed eimpte substance, j 
named Jlaorme, without taking into accoimt lieal, and i 
ligit, or the eleclric and magnelie principles. In the ^ 
table at the end of this volume, a complete 
given of simple substances, together with a great 
number of the principal compounds. 
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LESSONS ON COMPOUND SUBSTANCl 



In pursuance of my plan, I shall now ieque«tth^ 
hegiaaefa attention to some examples of the «ub- 
Btancea most universally known in their compound 

x, but whose composition can ouly be ascertained by 
chemistry. In order also to arrest attention, which, on 
commencing any science, it is no lees important than 
it is difficult to secure. I have introduced the several 
simple snhstiuices with brief historical notices of their 
discovery, end details of the most striking- eiperimenta. 



AVE made choice of water as the subject of our 
first lesson in chemistry, because it is well known ; be- 
cause the discovery of its composition may be Siud to 
have liud the foundation of ihe science ; and because it 
will bring early into notice some of the principles most 
important for a be^nner to know. A brief history of 

I the discovery may prove more interesting than a mere 

I enumeration of properties, 

Dtscovery of Hydrogen Gas. 

The Hon. Mr. Cavendish, in 1766, discovered a 

■ peculiar sort of gas which he called inflammable air, 

' s readily cateiiing- fire. This gas is procured 

' putting- a handful of iruci filings into a, bottle and 



COMPOSITION OF WATEU. 

ptHirin^ over them some sulphuric acid' to which five 
times its bulk of niitcr has been added, when the gas', 
b^ng very light, will rise ont of the bottle, and if set 
lire to will hain with a dull flame. 

Ten years after thia diaeoverj-, iu October, 1776, 
two French chemiata, M&cijuer and Sigaud de la Fond, 
b^Dg deEirous to ascertain whether the flame of 
Cavendish's gas produced anj Boot, tried tlie eipeti' 
ment of holding a white china saucer over the flame ; 
but, instead of soot, the saucer was bedewed with 
small drops of whut appeared to be pure water, aud 
though the experiuieoters were not certain of the 
fact, nor aware of its importance, this was probably 
T observed to be formed by esperiment. 
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Cavendish's gas and common air in a close copper 
vessel^ when it was found that the weight was dimi- 
nished ; and when Dr. Priestley and Mr. Warltire 
repeated this in a close dry glass vessel, it was found 
bedewed with moisture, and also with a sort of soot, 
in consequence, no doubt, of some inaccuracy ; for 
when this was repeated by Mr. Cavendish and Dr. 
Priestley, the same result did not follow. 




mw^)I®J!lSf***^®'^P®^'»cnt:— «, iron filings j 6, the sulphuric 

SSSn^in s^^^^lu* ""* **»« Sras mixed with air j rf, the gas fl 
introduced into the glass tube. 

In the summer of the same year, Mr. Cavend 
being anxious to ascert^ what becomes of the 
that disappears in the process of burning ', bur. 
500,000 grain measures of his gas ^-ith about two i 

(1) Techaically, Combustion. 



^^^ WATEn. II 

a hslf times the quantity of common air. The burnt 
ait waa made to pass through a glass lube eight feet in 
length, on the inside of which 135 grains of pure water 
were formed. 

It would appear that Dr. Priestley and Mr. Warl- 
tire, fo far from understanding the real origin of the I 
water, in their experiments, Eujiposed it to be derived 
from the moisture previously contained iu the ui 
the gas ; but Mr. Watt, in a letter to Dr. Priestley, I 
ilated 2Gth April, I7S3, iuferred that the water pro- ] 
dnced was a compound of the air and the gas, which 
he supposed tu unite in cunsequenee of their losing 
heat in burning, an inference very near the truth, and 

Nhly creditable to Watt's deep penetration. 
^ Arli/kial Famiaiion of Water. 

bsl^ad of mixing Cavendish's gas with common 
as in the previous eiperiments, another gas', dis- 
oovercd by Dr. Priestley, in 1 774, was tried. Mr, Car- 
rendish mixed in a close vessel 37,000 gnun meanires 
of hb own gas with 19^00 grain measures of Dr. 
Priestley's gas, and fired tliem, when he obtained a 
portion of water, though not quite pure. This, with 
his previous experiments, was communicated to the 
Royal Society oh the lath January, 1784, but Dr. 
Bli^^n bformed Lavoisier on the 24th June, 1783' 

, that Mr. Cavendish had performed the preceding ex- 

HuBuoent and procured water, so that his title to this 
^^^Kitaut discovery is unquestionable. 



lu the Bummer of 1783, some of the most diatiiw 
guiahed French chemists resolved to try simUar ex- 
pcrimentB, and on the 24th June, M. LavoUier, with 
M. La Place, in presence of Dr. Blagden, secretary of 
the Riii-ai Society of Loudoii, mixed togetlicr in a 
glass vessel over mercury a portion of Cavendiah's 
gas, and a portion of Priestley's gaa in greater (|uatitity 
than hadbeenemployedby tlie English ei[>enmenter, 
and upon burning the mixed gases, they obtained five 
French grot or about 295 English grains of pore water. 
About or before the same lime, M, Monge performed 
1 aimilar experiment at Paris. 

M. Lavoisier, having thus satisiicd himself that 
rater was a, compound substance made up of the twft 
;aaes employed in the experiment, contrived, aloM 
I with M. Meusnier.amethod of decomposing waterd 
r ieparating the two constituent gases. With this ^ilfB 
I he caused steam from boiling water to pass through 
I B red-hot iron tube, when he found that the steam 
I diiappeared, as well as one of its cotistituenU. the gaa 
I of Priestley, while the other constituent, the gas of 
I Gavendish, passed through the iron tube. The fol- 
I lowing figure will shorn more plainly liojv this expe- 
f riment was or may be performed ; but here it may be 
I prOjMr to tell the iieginner, that this and some other 
I BJ^taratus, are figured more by way of convenient 
^esplanation, tlian as indispensable for him to procure 
In performing experiments liimself. 




When the steam from ihe wuter boiled in the retort 
passes through the iron tube mtuie red-hot in the (iir- 
noce, it is decomposed, Priesllej's giis uniting with 
Ihe red-hot iron of the tube, and disftppearin^, while 
Cavendish's ^hb passes on into the bent tin tube, and 
tUay he seen rising in bubbles through the water of 
the receiver. It facilitates the process to fill the iron 
tube with a coil of fine iron wire, or with charcoikL 

Seven yean afterwnrda, the French chpmiats, Four- 
eraj, Vauqiielin, and Seguin, begun on Wednesday, 
the I3th of May, 1700, theii te\ebTali.e4 ei-jeraaiaSs, 
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to prove, beyond any future queatian, the composition 
of water, by employing a mucb greater quantity of 
maleriaJs than had been done in previous experinaenta. 
Of Cavendish's gas, they cmjiloyed 1030'358 graioi 
by weight, which measured 25963568 solid inches j 
■ and of Priestley's gas they employed 8209-860 gnua* 
by weight, which measured 12570'942 solid inches. 
The united weight of the gas was 7249-227 grains. 

They kept these two mixed gases burning for I8JS 
houT9, or about eight days, during which lime they 
did not quit the machine for an instant, but resting 
by turn^ on mattrasses, they successively relieved one 
another as Tdtigiie rendered this indispensable. The 
experiment was completed on Fit Jay, the 22dof May, 
when the water obtained weighed 7241 grdnji, or 
more than a pint, the loss in the origitial weight of the 
goies being consequently 4*227 grains. It waa on 
examination found to possess all the qualities of 
distilled water. 

These experiments, performed with so much enthu- 
eiaatic perseverance, triumphantly proved that water 
is a compound substance, as it can both be separated 
into two gases, and these gases can again be com- 
Wned into water ; two processes which cannot, from 
the imperfection of our contrivances, be always suo- 
oessfiilly performed with regard to other substance* 
subjected to ehettiical experiment. The experiments, 
however, of the distinguished discoverers of the com- 
position of water, are not the most practicable or 
elegant in the present state of the science. 



It will be convenient before pnieeeiling, to «tat^. 
that M. Lavoisier gave to Cavendish's gas the name 
oF h}ideoge« ' gas, and to Priestley's gas the name of 
<ai/gen* gas, which terms we shall hereafter use. 

Subsequently to bisiirst eiperiments, M. Lavoisier 
contrived a very ingenious melliod of proving very 
exactly the composition of water, which was aFler- 
warda improved by Cuthbcrtsan and others, accord- 
ing to the follow iog ligurc :— 
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When this arrangement has been made, a succes- 
sion of sparks from the prime conductor of an elec- 
trical machine are passed between the platinum knob 
and the brass wire, while first the hydrogen gas is 
admitted and kindled, and then the oxygen gas. It 
is requisite to keep the glass globe cool by means of 
wet cloths, when the water generated will collect on 
its sides and bottom. 

Those who have no better apparatus, may 9atlfify 
themselves of the general result of these experiments 
by means of one more simple, as in the following 
figure from Henry : — 




Henry*s experiment for the composition of water : — a, a 1 
glass globe capable of holding three or four quarts of water, 
having one wide opening 6, and one narrow c; <2, a bladder 
taiaiog hydrogen gas fitted witki aXube «xi^ M^xs^^cneLe 



Unscrew the stopcock, and set lire to the hydro- ' 
gen gae that escapes oul, and introduce it into thi 
glass globe, and let it continue to bum till water ii 
seen to form in drops on the inside of the glass. 

The most elegant mode of showing the composition 1 
of water, is the esploding nf one measure of oiygen 
gas mixed with two meaaures of hydrogen gas in 
instrument termed a. Eitdiomcter ', by raenna of an elec- 
tric spark from a ciiaiged Leyden jar. The in5 
^tQcnt, invented by Volta, will be heat understood from 
le following figure ; — 




Electric sparks are then passed 
through the brass knob c, when the gases are kindled, 
and if the eiperiment has been accutatdy performed, 
not a panicle of any of the gases will remtun, the whole 
having combined to fonn water. 

Dt. Ure has invented a more convenient inHtru- 
ment of tliis kind, in wliich the glass tube is bent 
so as to reader it easy for the eiperimenter to touch 
one of the brass knobs with his thumb, which carries 
off the electricity received from a jar, or a conductor 
on the opposite side, aa may be seen iu the follow- 
ing figure ; — 







PT BbowlD^ tile composlUon at water. 
The composition of water just given, applies only 
to pure water, which is rarely to be procured, except 
by artiflcial means. RsJn water is tolerably pur^ 
bat usually contains some compound of lime ; wiule 
rings, and pumps, but more 
|iarticu1arly what are termed mineral or medicinal 
waters, contain varying proportions of salts, gases, and 
irdiy or metallic compounds, which would only 
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tend, to puzzle a beginner, were 1 tu introdtiuc them 
here. I iit fiist intended, tioweTer, to examine in this 
plaf e the composidqii of sea-water, for the purpose of 
making the reader acquainted with some verj inte- 
resting and recently discovert!d substances which it 
contains ; but, on further consideration, I have judged 
it better previously to take up the much more simple 
composition of six, it bring always an importaut olgeet 
with me not to hurry the student Into tlie pidst of 
ibingt which he may not find it so easy to compre- 
The compo^tiou of common water srill again 
e under prominent notice when treating of heat. 




ATUOSFHBHE. 

X air around us has, when pure, no perceptible 
e nor smetl, and in small quantities has no colour ; 
hut in lai^e quantities, when full of watery vapours, 
it becomes grey or white, and when it coutuns little 
moisture, it becomes beautifully blue, as is seen in a 
cloudless sky. That it is only a considerable extent of 
Ui that becomes blue, appears from the blue tint uf 
the sky appearing puler and brighter at the level of 
uf the sea than on the top of a lofty niountaiu. Bry- 
done observed, that the sky appeared nearly black on 
the Biuninit of Mount ^tna ; and I remarked a similar 
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(of tint on the aummil of the Col de Balme ^. 
Campbell accordingly is scientifically cor- ^^M 
ire thing in poetry,) when be says, ^^M 
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Aod robes the mounbun ui ita iizare hoe.'' 

That the iur has considemble we^t, is knowii to 
every bodj who has felt the wind blutf, or seen a ship 
stU : and it wa^ discovered in 1640, by Galileo, and 
d^enrards proved by Torricelli and Pascal, that at 
or Dcaj the level of the level of tlie sea, it presses with 
a weight of about fifteen pounds upon every square 
iaeh ; consequently, upon the square inch in the fol- 
lowing figure, the air at this moment presses with a 
weight of fifteen pounds. 



Sqiure [ncta Cn Ulartnte the weigh! of the air. 

Consequently a man of ordinary stature will be 
loaded with ur to the amount of about fourteen tons. 
All this, however, belongs to a branch of physics ' ; hut 
it was judged uaeftd to meotioa the circumstances 
briefly before coming to what is strictly chemical. 

As in the inatance of water, I shall go back to the 
period of some of the most important discoveries 
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feapectiog air, Stahl, a eelebrated German chemist, 
who diedjabout a hundred years ago, was a true Firitl, 
ezplcuning most chemical chaoges by reference to a. 
sort of ima^ary pritieiplc of fire ', that led in most 
casN to erroneouH concluBions. When a piece of iron, 
for example, waa burnt till it lost iu metallic appear- 
ance, and became what 1 may term a metallic cinder ', 
Stahl 8ui), Ihlan-HS in consequence oflosiug the matter 
of fire which the metal previougly contained, and which 
esKiped in the process of burning. The metallic 
cinder was accordingly considered simple, while the 
metal was sud to be u compouud of this and the 
nistter of fire. Upon this view. howeTer, no explan 

IB could be given of the remarkable circumstance 
> alleged simple substance weighing heavier than 
! alleged comjiouud. 
I Dkeovery qfOjr/gea Gat. 

Vbile these opinions of Stahl were in vugac, 
iPtieatley, in 1774, and soon after the celebrated 
re^h chemist, Scheele, in 1773, made the impor- 
tluit tKscovery of oiygen gas, which I have above 

ahown to be one of the constituents of water. 

Rley first obttuned this gas from the metallic 
la folm ol' red scales ', produced by esposhtg 



Hi TechnicaUy, PhlogMa 
1) Tedwlcally, Call. \a old wtlten 
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quickiilver ' to a heat of mx hundred degree*, and 
*-hich he eiposed in the focus of a, buriung glaes. In 
1775, M. Lavoisier, icho hadbegnn to suspect the true 
itate of the case, exposed the same substance to beat 
in the sart of vessel termed a retort, (see page 13) 
and succeeded in expelling^ froui it u portion of oxirgen 
gas t consequently, before ihe expulsion of the oiygen 
gas, it was a compound of this gas and quicksilver, and 
not a simple substance, as Slahl had eonjectuied. 

Having thus obtmned a glimpse of these important 

views, M. Lavoisier proceeded to put their correct- 

1 the severest tests he could devise, hj other 

There is a substance procured from 

L (Urinal bones, called PAoijihvnit, simple, so far as is 

I hMierto known, which has somewhat ihe look of vfBX, 

iTtllowtsh, translucent, and rather aoftish, and so in- 

catch fire when CKposed to the air. 

in this account much used for popular ciperi- 

and it is well known to country lads, who by 

f tome of it on their hands and face, make 

t appear to be on fire, I may state, however, 

II It is dangerous for the inexperienced to play 

iXHtB with, and 1 myself was once severely burnt by 

A iron want of care. M. Lavoisier put a bit of this 

ajarcontmning oiygen gas, and upon 

g it there, he found that a considerable quan- 

r of the gas disappeared, while the phosphoriw 

nied weight exactly corresponding to what the n^H 

njTMhnlaUy.arercvry; In Latin, Htdraramtii. ^V 



The following eiperiioent, which is still frc- 
nillf perTormed by Icctutcre, was also contrived I 
g. M. Lavoifiier. 




A bit of line iron wire, such aa is used for musical 
strings, is twisted into a spiral ; a bit of cork or of 
□luHcoal is lixed to the lower end, while the other is 
into the dr-tight stopper of a glass receiver con- 
g oxygen goa, and placed over water to prevent 
TTiebit of eork is set ou fire before it is 
le glass, where it causes the wire to burn 
J brilliant light. M. Lavoisier found, as in 
t oxygen 






icquired weight equal to the lost gas. 




-b uvuKKz, cwKI^ JB be wd ^^ki he, bj the pce- 
c^dSa^ great ^MOicnea^ pwe e edwl to tij the ao 
cnntc; of ibe Utter inference bj uiotfaer tngeoious 
esperimeDt ; for bj perfbrmiag the eoumerpalt of 
the eiperimeiil, and eipelling the oxrgen gas, the 
proof was complete irf its hatii^ passed, in the ei- 
periment of biuning, fo)m the air into ^e phospbonis 
or the itun. 




a about 1500 
gnim of quicksilver, and lighted the furnace fire, 
which he kept buruiiig for several days, so as ta 
maintwD the quicksilver nearly at the boiling point, 
and &eely exposed to the commoD air, both in tile 
1 iu the glass receiver. The first effect 
LB the expansion of the air by the heat, 
IJjkence the necessity of enclosing only a small 
n the receiver, which might otherwise have 
Hj but after the fire liail been kept up for two or 
three days the air began to disappear, or, at least, to 
lUmiiush in bulk ; and, at the end of the fifit da.^. 



when the vesseli had cooled, he found that about one 
sixth of the bulk of the air had disappeared. 

Oatbe surtace of the qtiicksilvei he found floating 
amall scales, of a puce brown colour, and Eupposing' 
these to contain the lost air, he collected them, put 
them into a, coated glass tube, subjected them to heat 
approaching- to rednesg, when a quantity of oxygen 
gas, answering to that which had disappeared, was 
expelled from the brown scales. Consequently there 
could be no doubt remaining, that the common ^r 
contains at least one sixth part of oxygen gas. 

Dacoveri/ of Nitrogen Gat. 
The remaining five-sixths of the dr, which did not 
dijappear, was found to be very different from oxygen 
gas, particularly in its remarkable. eETect of eitingiiisb- 
ing flame, while oxygen gas, on the contrary, increaEes 
its brightneaa. This experiment was performed in 
1775, and the Swedish chemisl, Scheele, made a simi- 
lar discovery about the same rime j but three years 
previous, in 1772, Dr. Rutherford, of Edinburgh, 
appears to have observed some of the peculiaritea of 
this gaa. M. Lavoisier gave it the name of AxaHc ' 
gas, becauae it killa animals that breathe it without 
a mixture of oxygen gas ; but it is now mure usual 
to term it Aliix^en' gas, because it c 
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basis of nitre, the well known substance popularly 
termed saltpetre. 

The air was accordingly, in this manner, proved 
to be composed of at least two very different gases, 
oxygen and nitrogen, as the same experiments re- 
peated will show ; but, as it is important to make the 
banner clearly understand this, I shall give one or 
two more experiments in illustration. 

Mix in a saucer equal parts of iron filings and sul- 
phur into a paste with water, place it on a stand in a 
water trough, and over it a glass receiver full of com- 
mon air. Let this stand for a day or two, when the 
oxygen of the included air will gradually enter into the 




Experiment for decomposing common air. a, the saacer with 
ttie paste of iron filings and sulphur} b, the glass teceW^i. 
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paste, and leave the oitrogen gas in the receiver ; and 
if a Ughtud taper be put into the glass, the mtri^en 
gas will quickly extinguish it, and it will as quicUy 
kill a mouse or any iaiaXl animal that may be intro- 
duced. 

The readiest mode, however, of proving the com- 
position of the iur, is by Lavoisier's original eiperiment 
of burning a bit of phosphonii in aglasa receiver in~ 
verted over water, when the phosphorus combines with 
the oxygen, the compound appearing at first in the 
form of a white cloud, which afterwards falls down, 
leaving the nitrogen gas in the glass. 

The eiact proportions of the two gases contiuned 
in common air are from SO to 21 parts by bulk of 
oiygen gas, and consequently 80 or 79 parts by bulk 
of nitrogen gas ; a proportion which has been ascer- 
tained to be nearly the same in all places of the world 
and at all heights ; air having been examined vrith this 
view, from the summit of Mont Blanc, by Saussure ; from 
Spain, byDe Marti ; from France and Egypt by Berthol- 
let ; from England and the Coast of Gumea by Sir H, 
Davy ; from Scotland by Dr. Thomson ; from the Peak 
of Teneriffe j and from near the summit of the Andes 
by Boron Humboldt ; and even from a height of 21,735 
feet above the earth as procured in a balloon by G&y 
Luasuc and Thenard. The most surprising result, 
however, of such experiments, is, that air taken over 
stagnant water and marshes, and even from the wards 
of a fever or cholera hospital, gives, according to Se- 
guin and other able chemists, no diSerencc in these 
proportions, though it may contain more, as we shall 
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presently see, of anotlier gas, different either irom 
oxygen or nitrogen. 

Although I have here apoken of the composition of 
the common air, it may be well to state, that men of 
Btnence are not quite agreed, whetlier that composition 
U chemical or whether it ie merely a physic&l mixture, 
such as ehalk and water. It is not of much importance 
to a beginner which view be adopted, and he could 
not well understand the arguments for the two opiruona, 
I even if I were to give them. 

^^^^B Diicotiery of Carbonic Acid Gas. 

^^^^■tnongst Other substances which M.Lavoisier burnt 
^HKt^fgen gtta, he tried a piece of charcoal, the result 
of which was important ; for as the charcoal burned 
away the oiygen gas disappeared, and there remwned 
in its stead another gas peculiar in its properties, : 
termed Carhmiic' add gas. It liad previously been 
obfiecved, by Dr. Black, in 1775, who called it fixed 
Mr, but had long been vaguely known by miners and 
|]e» under the name of C/inke damp ', &om its &tal 
IS when accidentally breathed, 
ia gas is always found in common mr, though ii 
o small, that it was not, as we have seer 
I into account in the earlier experiments on th< 
1 of the air. Its existence in the tur i 
]l wadily proved by filling any shallow vessel, 
a China saucer, with lime water, and allowing 



it to atand uncovered, when the lime in the water, 
and the curbonic add gas in the ^r, will unite aikd 
form a thin hard pellicle, or scum, on the surface of 
the water. If this be removed, bh it ia formed, the 
whole of the lime in the water may be thus, in time, 
combined with the carbonic acid gas, and removed. 

That the pellicle ia owing to the carbonic acid gas 
uniting with the linae, may be proved by putting the 
several pellicles collected into a retort, and subject' 
ing it to heat, when the g9S will be driven off, and the 
lime will be left in the same state a$ it was when at 
first diasolved in the water. The pellicles, in faet, 
have the aatnc chemical i^umpoeition as chalk, marble, 
and limestone, all of which are composed of lime and 
carbonic acid gas. 

In M. Lavoisier's experiment of burning charcoal 
in oiygcn gas, it may be remembered, that this gas 
disappeared, and carbonic acid gas was found in the 
receiver. It will naturally be asked by a banner, 
what became of the oiygen gas? It was not de- 
stroyed by the burning, for notliing, so far as we know, 
can be destroyed, meaning by this term, annihilated : 
tnit as the resolting carlx>nic acid gas was quite 
colourless, and transparent, it might appear incredible, 
that it was nothing more tiian charcoal minutely 
united with the oiygen gas ; yet this was really the 
case ; and as chemistry does not deal in eonjecturea, 
the tact waa subsequently proved by decomposing it, 
and procuring the charcoal in the form of very fint ~ 
powder. 



This proof was first made in 1791, by Mr. Smith- 
son Tenant, and afterwards by Dr. Pearson. It may 
be tried by means of a very thin glass tube, eighteen 
or twenty inches long, and about a third of an inch 
wide, sealed at one end, and coated with a 
of Band and elay, termed a late, within about an inch 
,of the sealed end. When the lute ia dry, fill the ua- 
(X)a[«d part irith pure phosphorus, in small pieces, 
and cover this with very dry chalk. The part of the 
tube containing the chalk, is then to be tuade red hot 
in a portable tiirnace, and, the moment this is eifected, 
apply to the part, containing' the phosphorus, Buffl- 
cient beat to raise it into vapour. This vapour, from 
the phosphorus passuig over the red hot chalk, wil 1 
unite with the oxygen in the carbonic acid gas ex- 
pelled irum the chalk, and the charcoal will &11 down 
in the form of a light hlaek powder ; while the lime 
derived from the chalk will afterwards unite with the 
pliosphorus, nov" combined mtb the oxygen. The 
banner may be recommended to 

eral times, till he thoroughly compre- 
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By glancing back over what has already been said 
dT the composition of the lur, it will be bi 
contains twenty, or twenty-one, parts of oiygen gas ; 
eighty, or seventy-nine, parts of nitrogen gas j and 
I have now to slate, that the carbonic acid gas forms 
nbout one thousandth part, or rather less. 

One remarkable circumstance, with respect to iiiesfs. 



three gases, is their yery different weights, compaKd 
with that of common air. If a given bulk of common 
air, for instance, weigh one onnce, the same bulk of 
nitrogen gas will weigh about ^gj ths of an ounce i 
the same bulk of oxygen gas will weigh one ounce 
and liitiiB ; and the aatne bulk of carbonic acid gas 
will we^h rather more than an ounce and a half. 
Now the inference would be, that SlS carbonic acid 
gas is BO much the heaviest, it would always remain 
at the surface of the earth, and never rise into the 
air, while nitrogen gas being so much the lightest^ 
might be supposed always to rise to the summit of 
the atmosphere. Thia, however, is not the case ; for 
the (ur on the top of Mont Blanc was Itiund by Sans- 
sure to contain about the usiml portion of carbonic 
add gas. But it is so fer true^ that in particular 
places, such as mines and the upper parts of brewers' 
vats, where much carbonic acid gas is evolved, it is 
a considerable time belbre it rises into the surround- 
ing Mrt and it is a pretty experiment, in such cases, 
to let down into it a lighted candle or taper, which 
will be immediately extinguished, while the smoke 
will spread over the surfiice of the gas, and may be 
tossed about like waves of water. 

CoiatiiuetiU of Sea Air. J 

Several of the effects of sea air have attracted 
attention of philosophers to the produdog Or 
such as its greater power in bleaching linen, U 
causing'artijicia] colours to fade, or change ; but 



partJculajlj' its remarkable action upon plants and 
animals. I have already stated, that the proportion 
of nitTD^n, oxygen, and carbonic acid |;as, is nearly 
the same in the mr of all parts of the world, including; 
SC& ur ; but as tiiere can be no doubt of the import- 
ant effects of the carbonic add gas, though it com- 
pose leas than one thousandth part of the atmosphere, 
we may infer, that even smaller portions of sub- 
stances, if they have very active properties, may 
produce considerable eflecla. Experiment proves 
that such is the iact with respect to sea air. 

Its bleaching properties evidently depend upon 
minute portions of the sea water derived &om 
the spray, and carried about by the winds, and as 
this contains a considerable portion of the pruicipul 
substance ' used in artiGcial bleaching, the cause of 
the effect becomes evident The effect of the sea 
Mr ou plants is no less remarkable. Some will not 
thrive by any care in the neighbourhood of the sea, 
and others will not thrive at a distance from it. 
Dimng the late war between France and Spain, the 
Ffench manufacturers, being greatly distressed for 
soda, which they had previously imported from Spdn, 
endeavoured to ciUtivate kelpwort', in the South of 
Fiance ; when they found that if it were planted on 
the south side of a hill, sloping towards the sea.'the 
Wp succeeded well, but when planted on the north 




Bide of the same hill, where it was screened from the 
aea breezes, it failed complE!f«lf; for though the plante 
grew to the same aiie, they contMned no soda. The 
well ascertained effecl, also, of sea air upon invalidi 
iojuriDg some and beueficing others, — 
cribed to the same cauaes. 



COMPOSITIDN OF EEA-WATER. 

Most of my readers muit be acquainted 
witer, and will readily suppose, from its gait and 
nauseous taste, that it differs much in composition 
from fresh water. It, in fact, eonttuos, along- with the 
constituents of common water, several other sub- 
stances very important in chemistry, though from 
this composition beings more complicated than com- 
mon water, it will not perhaps be quite bo easy to 
make it plain to a beginner. 

In consequence of the considerable qnanlity of 
common water conlainei) in eea-waler, various pro- 
posals have been made to procure this, by separatii^ 
the salt from it on board of ships. This may be 
managed on the principle of distillation, by boiling 
the sea-water and condensing the steam, for which 
purpose the following apparatus has been recom- 
mended ill that very useful publication, ° The Me- 
chanic's Magazine." 








AppsratDB Ihr renderlae aolt w 
tVU Into d. s IrouKb conUinlj 



^^.So mucb then for the common water, contained in 
aea-wftter, I shall next notice the salt which it ■ 
tains. When a bit of cloth that has been dipped in sea- 
water is dried, a white powdery substance remaini 
the surface, which tastes salt like the original water. 
This i* common salt ; and to obtain it in quantity, i 
ia onl J necessary to dry (if I may thus u^ the termj 
a great quantity of sea-water, which is done by e 
posing it to beat sufficient to drive otf, id vapour, all 
the common, or fresh, water in which the salt is 
giaaily dissolved. In order then to know more 
actly the composition of sea-water, it will be ne 
wry to examine this salt, in order to discover whether 
it be simple or compound. 




tbej du, tcry 
it wiO mrma ooi fncM ffom best, to cxuuoe 
•Kfc (A enlf w if tfdu pare; i^ «c lUI fiad 
IkM i( ii ■ eoapo^Ml rf twx> vttj iif rririig nb- 

iiMiii n. fill ilii I ti iiiiiilii%i if ihiih ve aie 

tndebud ta Sir H. Daxj ; rince H. LaToiner ukd the 
French dteimcu, with all tbdr penetradon and en- 
Oiiuiutie peneTerBDCP. completirlv fiuled in ihia 
inMance, and fell first into one error, and then into 
nthrrf , in thrir endeavoart to extiirale themselves. 
The •ubject, it vill thence appear, is not by any 
nieaa4 an eatf one. 

Ditenvenf ofChlorhie. 
In onlrrr to procure Irom common salt what I may 
call Ita ino«t active constituent, we must use a sub- 
MnncR Rullcd in the shops black manganese ', which 
cniitlatt of tliri'c uiid a half piirts of the metal of 
niBUKDiie*!!, united with two parts of oxygen. Mix 
in a moriar one part of tliis black manganese, finely 
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powdered, with three parts of common salt, and put 
tiiem into a glass retoTt, addlug two parta of sulphuric 
add ', dilated with an equal weight of wat«r, when a 
brisk action, termed effervescence, will enaue, and a 
gas will be expelled from the jmste ; but more 
will be expelled by means of a gentle heat, taking 
care-Dot to increase itaoas to cause the paste to boil 
up into the neck of the retort. Tills gas may be col- 
lected over warm, not cold, water, in the mam 
have already shown, with respect to oiygen and 
hydrogen gas. 




WtL 



Toneously supposed by M. Lavoisier 
composed of oxygen and another gas. but Sir 



:) Popolaily, Oif ofmtriol. 
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H. DsiTy, after irigecdag it to the aererest I^sts he 
coold dcTB^ pnatmtteed tt to be dmple, and lery 
andhr lo nanj of iu properties to oijgea. He 
■aned it CUoiiK ' gas on Account o( its greeiush 
yeOow colour, irinch, bowerer, cui oolj be ^stin- 
gindied in da;^ I^fati (or bj candle ligkt it appears as 
colouriess and transpareiit as oij^d gas ; but it nay 
alwajs be recognUeil by its lery peculiar sutfocadng- 
mtell, though it is dangerous to breathe it when 
stroi^. It may lie £uther mentioDed, that the flame 
ofa taper, when introduced into it, becomes first pale, 
then red, and, by conaumlng the gas, ioou becomes 
extinguished, ou a, priaciple to be afteruards ex- 
plained. 

This chlorine gas then is deriTed from the salt ; 
for a» the sulphuric acid is made up of sulphur and 
oiygen, the water of osjgen and hydrogen, and the 
black manganeae of oxygen and melalhc manganese, 
there were no other ingredients in the retort besides 
the common salt from which tlic chlorine gas could 
be derived. When the chlorine gas is all removed, 
there remain in the retort twd substauccs, one com- 
poted of sulphuric acid and manganese ', and another 
composed of sulphuric acid and aoda ^ thi,' latter well 
known uiidar the popular name of Glauber's salts, 
which Imd simply the name of sa/tt, before the 

(1) rmm thi Hrwki xAa>pui. 'incD-" M, Lavoisiet'e uune 
(■) TgcliDlnll)', Smlpiaii of MaHganm. 



milder tnedicioc, Epaom aalts, Buperseded it in 
popularity. 

it may consequently be inferred, theii, from the 
preceding statement, that this aoda was included in 
the common salt in the retort as weU as the chlorine 
gas i and though it does not exactly prove that eom- 
moD Bait is a compound of clilurigc and soda, it 
renders this very probable. 

We have seen that chlorine gas, having never been 
decomposed, is now considered to be simple ; but 
this is not the case with soda, which we shall next 
examine. It would be the most regular way here, to 
take tie compotmd produced la the retort of sul- 
phuric acid and soda, and procure the soda pure by 
expelling the sulphuric acid ; but as that would lead 
tue too far from my present purpose of showing the 
composition of aea-water, I must make use of some 

' already made by a peculia: 
however, what is termed soda^ by the grocer and 
iJie laundress, which is a different substance. 

DilCavny nf Siidiuni. 

In 1807, Sir H. Davy discovered that what is 

(enned pure or caustic soda has a metallic base, by 

IS of the powerful instrument called the Voltaic 

battery, from its celebrated inventor Volta, as repre- 





MoMten with the breath a. piece of pure or caiutic 
foda, place it between two discs of the metal called 
platinum, and bring these into contact with the two 
wiiei of the Voltsuc battery, whieli must, for perfect 
succesa, be made with two hundred double platei, 
each fuur inches square '. The soda, in this caae, 
will soon melt, and small globules of metal, similar to 
silver, thoug^h rather soft, will collect at the negative 
side, while ojy^n will go to the positive. Soda, 
then, conaUta of chlorine and this metal, which Sir 
H.Davy very properly termed Sctrfium; and we might 
then conclude that common salt ia composed of clilo- 
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line EUid Boda. and ao it is while it reniiuns diesolved 
in sea water ; but Sit H. Davy proved, that the di^ 
tall contBiDed no 9oda, that is, no compound of 
oxygen «-ith the melalUc sodium, being solely com- 
posed of Eodiam and chlorine, without any oxygen or 
other sabstance. This he proved beyond all ques- 
tion, by buming sodium in chlorine gas, when tlin 
result was pure common salt'. 

Conttilucnts of Hi/drocklorlc Acid. 

Khave Had that this composition of chlorine 
lodiuin, only exists in the dry state, but as we 
ow enquiring into the composition of sea water, 
n be important to examine, likewise, in what 
slate tlie saJt exists there, and for this purpose it will 
be necessary to recollect, that one of the principal 
ingredients forming- common water is hydrogen gas. 
When a jiortion, then, of dry common salt, composed, 
BB we have seen, of chlorine and sodium, is put into 
pure water, it dissolves, and a portion of the oxygen 
in the water unites with the sodium forming soda, 
white the cliiorinc unites with a portion of the hydro- 
gen in the water, forming an acid, hence termed 
Iii/dr«c/ilorieadd\ which acid unites with the newly 
fbrmcd soda, and remains in solution. This last 






hoieaUy, Chloride of Sodium, fonnalyiOBierTtmiiimilr, 
a/ Soda, u It PootidoB do BOila nor mortnlid arid, 
t^imuriy. Mtirialk' AiHd, So olAwoilia, Marine Acid i popu. 
ISplritofSitlt. 




COMPOUND ei;bst&ncee. 
ipound, theD, is that wbich gives the salt taste to 

It may be proper to mention here, that the hydro- 
chloric aeid just mentiuned, may be rormed io the 
)e of gas, which wa* firat observed by Dr. Priestley, 
ia 1 772, by pouring strong' sulphuric acid on an equal 
weight of common sail, when brisk effervescence will 
ensue, and white fumes will immediately arise, of a 
penetrating and suffocative odour. This is the hydro- 
chlorie acid gas, mixed with a little moisture of the 
If the mixture be put into a Florence 
flask, over a lump, with u bent tube adapted to it, and 
the gea collected over quicksilver, it may be obtuued 
pure. 




The truth of the preceding' statement, respeclmg 
the compositioD of hydrochloric acid, is proved by 
placing ID a glass receiyer equal measures of chlorine 
gas and hydrogeu g^, and exposing them to oil 
electric discharge ; to heat j or for sataa time to light, 
when they will unite and form exactly two measures 
of hydrochloric acid. This gas differs, remarkahly, 
from chloriue gas in eitinguishiDg flame, and from 
hydrogen gas, in uot being iofluiniuable. 

Diicovery vf Magne^um and Calcium. 
ides these compound substances, found in. sea- 
there is one which has long been known, which 
may be importatit to notice in detail. I refer to 
what is well known under the name of Calcined mag- 
iKjna ', but was confounded with lime till it was dis- 
tinguished by Hoffman, about a hundred years ago. 

In what 1 have above termed the drying of sea- 
waterwben done on the large scale in the saltworks, 
there always remiuns a quantity of water that refiisea 
lo dry with the usual heat, which is termed the 
Mother water or Bittern. Tills is composed chiefly 
of the hydrochloric acid united with magnesia', and 
lolphuric acid united with magnesia^ : which 
ima is oblmncd pure by removing those acids 
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COVPOL'ND SUBSTANCES. 

according to a panicular method, which it would be 
inconTenient to del^l in this place. 

It ia important In mcDtion, that this ma^esia, like 
soda, as formerly mentioned, is composed, as was 
discovered by Sir H. Davy, of a meta! termed Ma^ 
. neaum, combined with oxygen, and M. Bussy says the 
metal is ofa lead colour, but little is yet known of it 

There is also in sea-water, as ia most &esh water, 
a small qnantily of lime, which like magnesia, is com- 
posed of a metal tenned Calcium, united with oxygen, 
combined with une or more of the adds ; but this is 
not in quantity sufficient to render it important for our 
present purpose, though it ia proliable that it itimishes 
the chief materials whence the bones of fish and the 
shells of sea-slugs' and corals are formed. The^uds 
combined with the lime are the hydrochloric and the 
c, the latter of which ia composed oF sulphur 
and oiygen. 

of chemical knowledge relative 
to the composition of sea-water, up till about twenty 
years ago i since then two other important aubstances 
have been discovered ia it, whose very existence in 
i not previously known. These it will be 
useful to examine briefly ; and here I may remarfi 
that it was a happy thought of the old chemist, Glau- 
ber, to submit to chemical examination the things 
which others threw away, as it was the acting upon 
n that led to the discoveries in question. 




of the Bubstances to which I have just 
Blinded, and which is termed Hi/driodic add, has not 
been proved to exist in nil aea water, but as it has 
been detected in the Mediterranean Sea, and in the 
similar water of the salt springs in England, while it is 
alio found in shetl-fish and abundantly iti most sea- 
weeds, it is probable that it is more universally diffiised 
than has yet been ascertained. The hydriodic acid, 
which may be procured both in the state of a gas and 
of a liquid, is a compound of hydrogen gas and a pe- 
culiar eubstanee, which,having hitherto reaisled every 
\% taken to decompose it, ia reckoned simple, 
n 1812, M. De Courtois, a manubcturiug chemist 
s, observed, that in preparing soda irom sea- 
a, his metal vessels were much corroded, and on 
o the corroding liquid some sulphuric acid, 
he obtained a dark-colouied subatance, which, on _ 
being subjected to heat, rose in vapour of a beauli- 
fb] violet colour. This was carefully examined by 
the French chemists, Qement, Desormes, and Gay 
Lussac but they all imagined that the hydriodic 
ttad, which 1 have mentioned above, vfbs nothing 
K then hydrochloric acid, till Sir H. Davy, with 
1 penetration, inferred it to be new and 

r examination has proved that the rich 

oloured fumes deposit on the inside of the 

el wales of a bluish-black colour, and of a regular 



four-Bided figure', which constitutea a Bim])le aub- 
stancp not metallic nor inflnmniable, named Jodme', 
similar In many of its propertieB to chlorine. It has 
a very acid taste, and is a deadly poison, bul, like 
other pcuBons, small doses of it were di^overed bj 
Dc. Coindet of Geneva, to be valuable m a medicine, 
more particularly in the treatment of goitre, and other 
scrofulous disonlers^ in most cases so difficult to 
remedy. Numerous comjiounds can be prepared 
from iodine and tlie other simple substances. 
Diacovery of Bromine, 
Another simple substance, in some respects similar 
tp iodine and chlorine, has been more recently dis- 
covered in sea^water. The first account of it, pub- 
lished by M. Bulard of Montpeiier, in August, 182C, 
eidted great interest among chemists, who have 
since successfully investigated its properties, and com* 
binationai M. Balard found it in sea-nater in form 
of an acid, named Hydrobrondc acid, which he sup- 
posed to be combined with magnesia. The discovery 
was made by adding chlorine to the water popularly 
termed bittern, remaining after the preparation of 
common salt, in which ease the chlorine, uniting with 
the hydrogen of the hydrobromic amd, communicated 
an orange-yellow colour to the liquid. This was 
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heated to the boiling point, when red fumca aioEC, 
which, on being passed through a tube surrounded 
with icG, were condensed intu a blackish-red liquid, 
very eoirosive, of a peculiarly strong taste, and viru- 
lently poisonous. Its smell is exceedingly disagree- 
able, OD which acconot it has been (enned Bromine', 
or brome. Like iodine and chlorine, it combineB 
eitensively Avith most of the simple substances. 
Eecapiiulafion, 
Sea-water then appears, from the preceding brief 
notices, to be of a composition rather complicated, 
dilfering much in this respect from fresh water. It 
irill )ud the memory to enumerate the subetances, 
have noticed in the above order. 




I have Dot menlioned the qniuitities of the severftl 
substances because these vary in different waters. 
In some seai-n&ter, foi instance, no iodine bas been 
■leiected. ■ 



Is modem chemistiy, the term " earth ' is certainly- 
very different from what was bj the old pMlosopheTs 
reckoned one of the elements i for, instead of one sort 
of earth, there are now reckoned no fewer thun ten. 
Two of these are magneiia and lime, vhich we have 
already seen, Erom the brilliant discoveries of Sir H. 
Davy, to be composed of the peculiar melals ma^e- 
sium and calcium united with oxygen. What is in 
popular language termed earth, is a very variable com- 
pound, generally containing more than one or two of 
the substances, which are termed earths by chemists ', 
Of these lime is one of the most universally diffused 
neit to clay, which we shall now eiamine. 



, of Clay. 

The various subatancea popularly termed clay, such 
as pipeclay, bricktlay, potters' clay, are all more or 
less mixed with flint-earth and iron, the latter of which 
imparts to them various colours, and causes them to 




ooit a peculiar emel! when breathed upon, It ia not 
easy, in coouequetice of these mixtures, to separate the 
clay from them in a pure state ; but it can be thus 
obttuned from the well-known subslnnL'e, idam, and if 
expensi! were not an object, it couid be hud very pure 
6otn those beautiful gems, the ruby, and the sajiphire, 
which are ulmoet puce clay. 

This earth, when purified ft'om all foreign sub- 
staticea, is white, easily reduced to powder, soil to the 
tquch, is without smell, taste, or griiiiness, and ti-om 
its gTeedily drinking in moisture, it adheres nith same 
force to the tongue. It will not dissolve in water, but 
it readily miies with it. From its being iisimlly ob- 
tained for chemical purposes trom alum, it is termed 
Mumiiia '. 

Diicovery of Alumi-idum. 

Sir H. Davy waf successful in proving lo his own 
ods&ction, that alumina, Uke lime and magnesia, was 
Formed of a peculiar metal united with oxygen ; for 
he managed to get alumina to give up oxygen, though 
W could not procure enough of the metal for eia- 
iianalioo. The German ehcmisi, Wohler, has been 
more fortunate in obtaining this metal called Altcmi- 
mn in qunntity, and describes it as resembling plsi- 
tbiDm in powder, which, when burnished, takes the 
^earance of tin. 

This metal, aluminium, then, is the basis not only 



of the greater portion of day. but of many rocks anil 
BloneB, fluch as basalt, and more particularl; moBt aoiU 
of slate. 

CoiutHiientt of FUtU Earth. 
Perhaps flint earth is atiil more abundant in nature 
than clay, or, as ire have termcil it, alutnina, and ap- 
peara to liave been intended by Providence to form 
tiie aolid baiis of the globe, to serve as a foundation 
for the original mountains, and to give them the hard- 
ness and durability which has enabled them to resist 
^ the various revolutions that the surface of the grlobe 
scesaively undergone ; for this flint earth forms 
|. the basis of the enduring granite, us well as the more 
I brittle freestone used in building. When these roclcs 
1 ttccordingly have, in the course of ages, been partly 
I crumbled by the action of frosts and rains, and worn 
down and swept sway by streams and torrents, beds 
of pebbles, gravel, and sand, are the reuult ', all, or in 
great proportion, made up of flint earth. The purest 
flint earth which occurs in nature is the well-lmown 
substance called rock crystal, of which our glass and 
crystal are only an artificial imitation, composed also 
of flint eanh '. Gun flints, and flints osed for striking 
light, are Bint earth, which is pure in proportion to its 

«) Thi? will be f!>TilalD«l Ln tbe " Aiphabkt of GtAsn- 



want of colour, the colounn^ matter licing osually 
iron. AH BubBtances, indeed, whlLh strike fire with 
steel, contBin this earth and it was troiu thiB propertj 
that Sir H. Davy, nhen an apprentjct boj laid the 
basis of his future fiune, by discovering in wheat- 
Btrans the flint earth which he afterwords demon- 
atrated to be a compound. 

Pure flint earth may be procured by heating a piece 
of rock crystal red hot, then throwing it into water, 
and afterwarda reducing it to powder, which is light, 
white, rough, and without taste or smell. 

O'acoveri/ of Sdicium. 

Sir H. Davy proved that flint earth, or, as it is 
termed by chemists. Silica', is a compound of oxygen 
and a simple substance called Si/tdam', which was pro- 
cured at first in black particles, similar to the black 
lead use<l for pencils. It was afterwards, in 1824, 
obtmned in a different manner by the celebrated Swe- 
dish chemist, Berzelius, who describes it as of a dark 
not-browni colour, witbcmt the least trace of metallic 
lustre. It is not, therefore, now supposed to be a 
melaJ ; for though in some respects it resembles me- 
tallic aubstancea, it is probably more like pure char- 
coal°, and one or two other simple substances. 

A still greater uncerttunty hangs over the nest sub- 
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r «lance 1 shall here introduce, which, though it ia i 
I indeed an eurtb, comes into frequent chemical u 
duion with silica, 

Flaorine. 

In the stone called Derbyshire spar, from wUdil 

Lirell-known chimney oraaments are mMiufactured, 

■ interesting chemical substance is contained, licsti 

I'aerved, in 1810, by Gay Lussac and Thenard, t 

ince carefully examined by Sir H. Davy and Bet 

The spar has been proved to consist of calcit 

mentioned as the metallic basis of lime uni 

supposed simple substance, nliich has : 

iitherto been proeiired in a separate form, tern; 

t^iuritu^. When some of the spar is Unelypowda 

Ifid put into a. leaden retort (a glass one nil) not i 

■ its weight of strong sulphuric add, ( 

heated ao as not to melt the lead, a vapour comes o 

which must be introduced into a lead receiver, 9 

roimded with ice, as it corrodes glass. Upon 

sulphuric acid, which alwayi 

g the spar, the water separBtra intc) its hyi 
in and oxygen, the oxygen laying hold of the caJch 
d forming lime, which imites with some of the 
; acid, forming gypsum' or plaster of Paris. 1 
gen, on the other hand, lays hold of the fluor 
bid forms Ht/drty-Jluoric add, in vapour, which the 



1) Bj mineisli^lata, Ftuor-Sp 
m the Greek ^Aim " I boil or 
S«lpli<^U of Lim 
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around the receiver cools down or condenses id 
colourlceii fluid, which IS exceedingly dangerous, af 
least drop will instantaneously corrode ihe skin, and 
produce a deep ulcer difficult to heal. When poured 
on glass it boils Tiolcntly, forcing iUelfinto union with 
the silica in the grlaaa, and the compound then pro- 
duced rises in ronn of a colourless gas,tke Fiua^icic- 
aadgai. 

Coratiljienli of Beaut) Spar. 
The term "Spar' is rather vaguely applied t 
rarioua mineral substances, of which the Snor-spar 
above examined is an instance, and I shall now ^ve 
another in. the mineral popularly termed Heavy Spar, 
which contains an earth of considerable intcre 
ehemisby, termed Ban/ta'. It ia common in 
ffiinei, EUid, on account of Its great weight, might de- 
crive the ignorant unto a belief of its being lead, from 
the ores of which it was distinguished in 1774 by 
Schecle. 

Uiicovery of Barimii. 

Sir, IL Davy, in following up his discoveries of 
Bodintn, calcium, and the other new metals, was led to 
examine baryta, which he succeeded, by means of the 
tolltuc battery, in decomposiog, and proved that, like 
lime, it is composed of oxygen united with a pemliai 
melftl termed Sariuni, which is of a dark grey colour, 
Vti not so bright in lustre as cast iron. The baryta 
I by this with oxygen is in the native ate 

aiy, Barfttt, ftom the Greek flapuj, " hesvy." 



metmitillKltIt of the rarer Eartlti. 

It common earths which we liave alreadj 
Id Are alumina, eilica, linie, and mag-nesia j 
t Uul itioutin are uoC so comtnou, though i 
n foiu' others which we have now very briefly 
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Glucins' was discovered by M. VauqueliD, in 1798, 
in emerald and beryl, and M. Wohler, in 1628, huc- 
ceeded in proving that it is composed, like the other 
earths, of oxygen, and the metal Glucinium, which is 
gfreyish black, and of a dark metullic lustre when 



Tttria is named from Ytterby in Sweden, where 
this earth waa first found by Professor Gadolin. M. 
Wdhler, in 1828, succeeded in proving that it is com- 
posed of oiygen and the metal Ytlrimijthe compounds 
of which taate sweet like those of glucinium, but it 
differs from this in its scaly teilure and other par- 
ticulars. 

Tborinawas very recently discovered by Beczelius, 
and named in honour of the fabulous deity Thor, 
from whom also we derive the name of Thursday, 
that is, Thor's day. BcrzcUus has been hitherto 
to procure only a very small quantity of it, but 
;h to prove it to have a met^lic base TAorium, 
bums brilliantly in common air. 

Srconia waa discovered in 1798 by Klaproth, in 
the stone called zircon or jargon brought from Ceylon. 
This earth when prepared is in form of a white pow- 
•lei without taste or smell, and somewhat harsh to the 
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Berzelius has si 
e iZrVcoBJnn 



[:ceeded ii 



procuring it 



n the same way as he procured 



COHPOSITtON L 

Amonc the forty-one eimple Bubetances, all can 
.0 be metallic, some, such as gold, silver, i 
iron, are occasionall; found in nature, n 
It being combined with an; other Eubatatice ; but 
b'b}' no meaoB so commoD aa to find them iu the a 
■e. When in their simple metallic stale, me 
a peculiar lustre, are not transparenl, atecapabl 
I b^ng melted or fused by heat without losioj; t 
re capable, when melted, of mixing w 
B uother in all proportions. Some of them a 
is, they can be drawn out into «ire 
n leaves; andmany of them areuialleabie,tt 
y Cpn be extended by hammering. At preseil 
'_i,wehave chiefly to notice the substantes 
Ewey are most commonly found combined ii 
l^hDCl the means of expelling these to obtain tl 

■ R small scale, for the purpose of experimeni 
:fi the substances combined with a metal in ai 
[uy be expelled by means of a common lamp « 
t, uid the blowpipe which requires to be blov 
■continued stream, and this of course ia only to b 
" " y practica. as it will not do to interrupt thf 
B of air by taking breath through the mon 
It be accomplished by taking breath onlj 
i\p. nose, so as to keep a continued i 
I Btteam through tlie instrument, which ig 
Md near ihe end with a bulb for condeusiug tli 
i the breath. 




The difficulty experienced by eome persons in blow- 
iogthTDUgh the pipe in a continued stream, as well as 
o produce a more intense flame, led to the 
n of a more complicated instnimunt, in which 
"a mixture of uneombined 
A hydrogen gas. These are forced, liy means 
* Byringe, into a box of iron or copper, 
in which they rush by means of this pressure ibrough 
B tube with a very small bore. Here they are set on 
very intense flame. By this 







pi»t 



1, whieh 



furtiBce is incapable of melting. 




Ajet ofairfroin a double bellows i 
excellent blowpipe. 

When larg-e portions of metal ari 
furnace is indupensoblc. 



lay also form an 
to be fused, 



Sulphur at combined mlh Ores, 

One of the most common substances combined willt 

metallic ores ie sulphur, usually further combined with. 



K 
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oxygen, and miitcJ with various other mattera. The 
shining yellow matter Bometimes seen on piece* of 
cool, and the gold-like little cubes in some sorts of 
roofing slate, ore composed of sidphar and iron', and 
it niaj be expelled from the iron b; bringing Iheae 
compouuds to a red heat in a close vesseL It is also 
procured from copper ore, and I observed it in abun- 
dance at the copper works of the Parya mountajn in 
Ai^lesey, and at the alum works, near Bonn on the 
Rhine ; but it is found in the greatest quantities near 
volcanoes, particularly ^tna and Vesuvius. 

In the native state, eulphur is of a primrose yellow 
colour, brittle, lias little taste, and almost no smell, un- 
less it is rubbed or made hot, when Its odour is pecu- 
liar, and by no means agreeable. The common roll 
sulphur, or stick brimstone, is uot so pure as what is 
termed flowers of sulphur, produced by exposing im- 
pure sulphur to heal, when it rises' in fumes, which 
may be condensed by means of a proper apparatus in 
a manner somewhat similar to that by which lamp- 
Mack is procured. What remains in the vessel after 
this process of sublimation, is known in the ehops 
under the name of Sulplmr wv-um, and is used exter- 
nally for cattle, by veterinary surgeons. 



1 




The combination of sulphur with oxygea forming 

lifl^huiic acid, is of ^reut importance in ehemiBliy, 

F and in manuracturc.'S; while it a tliis compound which 

U moat usuully found united with the metal, 

SpleniaiH ai eambiaed imlA Orel. 

In the sulphur procured at Fahltiii in Sweden, 

Voin it3 comliination with iron, Berzelius, hi 1918, 

It'i'i'ted u pei-'ullar subatance, which, on burning. 

'Hilttod a strong smell similar to decajed hor«e ra- 

>Il. sr)d to which he gave the name of Sc/enium'. 

h:i- iitiee been eiaminec) fay professor Stromeyer, 

■ 'iiingen, and by Rose of Berlin. This siibstanee. 




tliough it has a metallic lustre, and is eotnewhat like 
lead, bears a nearer resanblance to sulphur in all 
iu other properties, than to the metals, with wlilch 
Berselius was at Srst disposed to rank it. In the 
aolid slate it has no taste nor smell ; but when brought 
to boil at the heat of 65t) d^iees, it forms a deep 
yellow vapour, smelling- so strongly of decaying horse 
radish, that the fiftieth part of a grain will scent a 
luge apartment. 

The combination ofselenium with oxygen forming 
Sdemc acid, ia very similar, according to Professor 
Uitacherlicb, to sulphuric acid, and it is this com- 
pound which ia most usually found united with the 
metals, such as lead, copper, silver, cobalt, and mer- 

fioraw at com/lined uilh Orel. 
In the hot springs of Italy, as well as in corobinar 
tion with several mineral substances, there is found a 
fwcuUar acid, whose union with soda has long been 
known to workers in metal, under the nameof fiuror. 
This acid was proved by Sir H. Davy, in 1807, to be 
Conpoted of oxygen combined with a substance which 
he was unable to decompose, and to which be gave 
the name of Soroa'. It has since been procured in 
more coDsiderable quantities than at first, by Gay 
C and Thenard, and by Berzelius, who describe 
a dark olive -coloured substance without ts 




or Bmell, taking fire at GOO degrees, and in that cue 
comtdning with oxygen, aod forming Soraac add. 

Carbon ai combined uiil/i Orel, 
We liave already seen, when trcKting of the com- 
position of the common air, that it containB a Email 
proportion nf the gas termed carbonic acid, and tluU 
this gaa is a compound of oxygen and pure charcoal, 
or, as it is called by cliemiBCs, Carbon, This acid ii 
eitensively cotnhined with mineraH not only in 
marble, limeatone, marl, chalk, basalt, coal, and ibe 
gpui, bnt in tliK iires of many of the metals, while it 
hsa been proved to be the only aiibslance in the dia- 
mcKui, which is pure carbon. It is too expensive, 
however, to use diamonds for obtaining pure carbon 
for chemical purposes, and it may be procured very 
pure by burning etareh or sugar in close vessels to a 
red heat, or by passing the vapour of turpentine or 
qurits of wine, through red hot tubes. Carbon, some- 
what less pure, but sufficiently so for many purpose 
nay be obtained by treating wood in the same way 
» the starch or sugar. 

■^bon is hard, brittle, and appears to be black, 

it Sennebier says it is rather a very deep blue, 

lee be accounts for the green colour of plants 

e dark blue carbon in the pulp of the leaves, 

■Ml through the yellowiah membrane of the 

It is worth remarking, that, so long as 



t BOTAJfT," Vtgt SB. 



s. G3 

it 13 excluded from access to the air, that no intensity 
of lieat is capable of producing iu it anjr change. It 
U no le^ Angular that thou^li the diamond, or natural 
pure carbon, b so close-grained, if 1 mny use the term, 
[lure artificial carbon weiglu HjmeHbal heavier than 



MelaU at ciimbined mlh other Suiitancet. 

It may be usefid to give here a brief glance at some 
of the more remarkable properties of the metaJg, 
which I cumot spare room to enumerate individually, 
lad with this riew I shall class thedr leading proper- 
ties, mther than ihe metuJs tliemseKes. 

With respect to weight, the metals known to the 
tnueots, were all rather heavy, gold being the hettvi~ 
est, and tin the lightest, while silver and capper hold 
I Mrt of medium , but modern discovery lias found 
in phdniim, a metal itill heavier than gold, and in 

~ " le heavier than lead ; while the new metal 

1, already menlioned, is lighter than water, on 
wHA it will swim. 

"nie metals which are malleable, tliat is, which can 
be exteaded by hammering, are gold, plaliuum, solver, 
palladium, mercury when frozen, copper, iron, lead, 
liiw unc, and. it is sdd, nickel. Gold is superior iu 
naUeability to all the rest, the leaf gold sold in little 
hooka b^g so thin tliat Eve grains cover a eurfaoe of 
37ft square inchee, while the thickness of the leaf does 
not exceed ,^« of an inch. 

le property tenders metab ductile, that if 



ttftiAe of bring dwwo into wae. Iron, which ia by 
no maiat to malleable as ^Id, taaj thus be made 
into win; not lUcker than a human hair { and u ^rein 
of paid tuTToundod with silrcr, nag drawn out by 
Dr. WollasloB lo the extent of 700 feet, and was only 
mIoi of an inch in (bicknes!. 

As to slTrngth or tenacity, M. Guyton Morveau 
found by cipcriment, that an iron wire will sustain 
iDDre than doublcUiewcig'htof one of platinum of the 
Mine thickncta, and more than twenty times the 
weight of one of lead. Copper wire is about one half 
the «treii!4lh of iron wire. 

All the metals melt or fijse when etposcd to heat ; 
but individually vary much in this respect. The heat 
of a fot^ will not fuse titaiuum, cerium, osmium, 
iridium, rhodium, platinum, and columbium ; but they 
may be melted by the gas blowpipe, which is also 
required to melt thoroughly, molybdenum, uranium, 
tungsten, and chromium, though they coay be partially 
fu«ed in the foige. It requires a red heat to fuse 
silver, copper, gold, cobalt, iron, manganese, nickel, 
and palladium, wliile a lower d^reeof heat will fuse 
cadmium, antinionj. 2inc, arsenic, tellurium, lead, bis- 
muth, till, and the metallic bases of the earths. 

When the heat necessary to taae them is increased, 
some of them may he made to boil, and it is probable 
nil of them may be by sufficient heat raised in the 
form of vapour, which, in some instances, returns on 
codlinjf to the metallic state, and in others forms per- 
manent compounds with oxygen, or some other gas. 
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discovery has added to tlicse a gn»t number of othei"*f 
Md it 13 not improbable tiieir number 'may be sdi' 
farther increasett by future research. 

CharacterUlici oftlie AlkaUei. 

AllcalieE change tbe purple colour of many v^;^ 
tables to green, euch aa teat paper Etained witti 
litmus, tincture of violets, or infusion of red cabbage ; 
the reds to purple; and the yellows to brown, such as 
test paper stEuned with turmeric. Ifthe litmus paper, 
or other purple colour, have been reddened by any 
acid, an alkali will again change this red to purple. 
These effects, upou culour, are not influenced by the 
presence of carbonic acid gas '. 

Tbe alkalies have an acrid taste, and most of them 
a urinous smell, Tlicy are corrosive to the slun, 
and when miicd with oils, or fat, they form soap, and 
they dissolve readily in vrnter, and laigelj in spirit of 
wine. They combine with acids, forming cumpotuds, 
termed salts, or neutral" salts, because they are 
neither acid nor alkaline. 

CAaracteristki of llie Alialine Earlhs. 

Some of tbe eartlis already noticed possess several 

properties in common with tlie alkalies, among which 

are lime, baryta, and strontia. These are caustic, 

soluble in water, act, like the alkalies, on vegettb- 
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■e colouiE, and in this latter quality, inagnesiB agreet, 
but it is mild and insoluble in water. None of the 
■lUlioe earths, however, will act upun vegetuble 
colours, uor dinBolve in water aller combining with 

Mrbqnic acid gea, a circumstance which dUtinguiahei 

tbon fram tlie genuine uikaliei.. 

Comtiliienti of Potaa. 
Tlie tata potass originated from the alkali to 
nuaed, being procured by burning vegetables to 
, ia large iron pots. It is, by some, called 
FnUata, for imifonDity of termination. It is found in 
8 of itll inland jilaots, but different fipecies 
Ttij considerably in the proportions of potass which 
they contain.. Boxwood, for exumple, and aspen, 
1 only sixty or <dghty pounds of potass ia 
tntj thousand pounds w^ght of the wood ; while 
lie stalks of sun-flower, fumitory, or wormwood, eon- 
taia from three hundred and iidy to seven hundred 
ind fifty pounds in every thousand^ 

The articles sold in the shops, under the names of 
potash and pearlash, both consist of potass combined 
trith carbonic aud gas, and mixed with various im- 
pwities. We may obtain pure potass by burning 
\ veBsel, termed a crudhle, dis- 
■alving what remains in water, and filtering it ; then 
bolting it with a iiuantity of quicklime, and drying 
1 loosely covered silver capsule, till it flows like 



oil ', and then pouring it out on a clean iron plate. 
The solid white plate, thus procured, must he iamie- 
diately broken to pieces, and kept in a phial closel; 
stoppered. 

Diicoven/ of Poiauium 
The late Mr. S. Parkea, in 1805. suggested that the 
alkalies were probably compound substanceii, and 
ewly in October, 1807, Sir H. Davy proved this by 
Ua brilliant discovery of the metallic base of patasi, 
\ wiuch he named Polasimm. The apparatus wifli 
h the discovery was made, is figured above, page 
In 1808, Gay Lussae and Thenard procured it 
l^h'lktger quanti^ by burning iron turnings to a while 
1 gun-barrel, melted 'polasa beil^ 
toH^ in eontact with these, and the air excluded, 
p potassium collected in the cool part of the tube. 
e same year, procured it by bum- 
Is with charcoal in a similar tube. M. Brunner. 
I receally, has procured 140 grains of potasainin 
ately eight ounces of fused potass, «ii 
ilingB, and two ounces of charcoal, and 
» redness in an iron bottle. M. 



n has very much the appearance of quick- 
r, and is considerably lighter than water. When 
■ placed upon water, accordingly, it s«ims ; and. 
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decomposing it, even in the state of ice or snow, it lays 
hold of its oxygen, with which it combines, forming 
potass, while the hydrogen, thus set free, takes fire, 
and bums brilliantly, realising the miracle of producing 
fire fron^ice, said to have been performed in the fifth 
century by St Patrick ^ 



The constituents of soda, and discovery of sodium, 
which would fall to be noticed here, have been al- 
ready introduced under Sea water. 

CoruHtuents ofLithia and Discovery of Lithium, 

In 1818, M. Arfwedson, a Swedish chemist, disco- 
vered a new alkali in a mineral called petalite, and it 
has since been found in mica, and several other mine- 
ids, and by Berzelius in the waters of Carlsbad in 
Bohemlsu It has been termed Lithia ^ and is distin- 
guished from potass and soda by its solution in spirits 
of wine, burning with a red flame ; and from the alka- 
Hne earths, by its compound with carbonic acid when 
(Bssolved in water, staining turmeric paper brown. 
LUkhirttf^e metallic base of Lithia, was discovered by 
Sir H. Davy. It is white, and similar to sodium. 

Constituents of Ammonia, 

From time immemorial, a substance called Sal anir 
momac has been prepared in the district of Ammonia, 



(0 " De glacie produxit ignem," says his biographer, Jocelin. 
(2) From the Greek AtOctos, " stony." 
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between Libya and Egypt, from the Boot formed by 
burning camels' dung-. This, wliieh is now nianufec- 
tured in Europe by different processes to a consider- 
able extent, is found to consist of hydTochloric acid, 
and the alkali called Aiunionia, first observed, it would 
appear, by Dr. Priestley, and well known by the 
popular name of baitahorn, or spirit of hartshorn. 

Ammonia may be procured by mixing two parts of 
fresh burnt lime in powder, with one part of powdered 
sbI ammoniac ; putting- the whole into a gloss retort, 
with a tube to communieate with a. glass receiver 
containing water ; and applying to it the heat of a 
lamp. The hydrochloric acid will thus be expelled 
from the sal ammoniac, and combine with the quick- 
lime, setting- the ammonia free, which will pass into 
the receiver in form of an invisible gaa, and will nux 
with the water. 




i, d, d, Bifety tubes to prevent e:ip1oBlnnB. 
When it is required to obtain the gas by itself, it 
It be collected in a receiver over quicksilver. 
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iHful eiperiment is iiiaiie bj introducing into a 
containing this auunoniacal gas, a portion of 
carbonic acid gas ; Ibr though both are prerlously 
invisible, when they combine, thicl: white fibre-like 
Bakes, of a silvery appearance, are. produced. 

The celebrated French chemist, Berthollet, disco- 
vered that ammonia ia a compound of three parts by 
bulk of hydrogen gas, and one part of nitrogen gas ; 
but when these proportions are mixed and combined 
by passing through them an electric spark, they only 
form two parta by bulk. Sir H. Davy and Berzelius 
made some experiments to prove that ammonia, like 
the fixed alkalies, has a metallic base, Animoniuta ; but 
though this seemed plausiiile, it was not satisRictorilj 
prored. Here the matter at present restB. 

^^^L Dhcoveri) vfthe A&ahidi. 

HB|kfaont the year 1803, Derosne procured a peculiar 

Hmiitance from opium ; about the same time Dr. A. 

Duncan, of Edinburgh, obt^oed a peculiar substance 

Erom Peruvian bark ; and in 1804, Seguin detected a 

different subslojice in opium from that of Derosne ; 

but none of these attracted much attention for several 

years. Sertiimer, a Hanoverian chemist, who had as 

early as 1803 discovered in opium tlie same subatance 

^M that mentioned by Seguin, published, in 1816, an 

^Kmk to announce that thig gubstance is alkaline, and 

^^^M tliat period to the present moment much inte- 

^^HK^ been excited respecting these new substances, 

^^H|3k have rapidly multiplied to the number of nearly 

^^B^, though not more than e\%\i^. m \£n ti^ ^'o^t^a. 
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ivesti^ted, t 

, upon their characteiiBlk 



I 



have been siiffitiently ii 
pronounce, in all casei 
difTereaces ur identity. 

They possess the alkaline character of com- 
bining with acids, and fonuing neutral salts; iriiile 
moat of them render vegetalik yeliows brown, and 
vegetable blues green. They dill'er, however, from 
the alltaUeH above enumerated, in the remarkable cir- 
cumetancc of containing fonr bitead of two simple 
substances, all of them which have been snfhciently 
enamined cootaioing o;iygen, hydrogen, carbon, and 
nitrogen. On account of this diil'erence of composi- 
lion, and of some other circumstances, they have b«ea 
called AliaJiAdi '. 

The most celebrated of these aikaloida is that pro- 
cured from Peruvian bark, different from tlie one fint 
observed by Dr. A. Duncan, and discovered by MM. 
Pelleder and Cavcnton ; at first called quinine, but 

rv Quiaia. This, as well as the alkaloid procured 
from opium by Seitiimer, and mnce so well investi- 
K«ed by M. Robiquet, and termed Morphia, are very 
valuable as medicines'. Like moBt other novelties 
however, the power of these was at first much over^ 
!d ; and thongh they certainly produce wonderful 
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COMPOSITION OF ACIDS. 

We have already seen that oxygen was so named 
by M. Lavoisier, on account of one of its chief pro- 
perties being that of forming an acid by combining 
with some other substance, such as carbon, or sul- 
phur ; and oxygen was for some time held by chemists 
to be the exclusive " acid-generator," as the name im- 
ports. Subsequent discovery proved this to be incor- 
rect, for we have already seen, that there is no oxygen 
in hydrochloric acid. It was known, indeed, even to 
M. Lavoisier, that oxygen did not always produce an 
acid in its combinations, more particularly in the 
remarkable case of common water, and in that of 
most of the metals, arsenic, chromium, and tungsten 
being with some others exceptions to this ; but he had 
no idea of oxygen by combining with a metal forming 
an alkali, or an earth, as in the case of potass and 
lihie, whose properties are so very different from those 
of acids. 

The term " acid ^ " means " sour," and acids, with few 
exceptions, such as arsenic acid, are sour when liquid 
or dissolved in water ; but some of the acid gases do 
not, while gaseous, taste sour, nor do they then redden 
the blue colours of vegetables, such as litmus paper, 
which all liquid or dissolved acids more or less do. 

(1) In Latin, Acidum, " sour," or " sharp," from the Greek 
am}, " a sharp point." 
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It is this action on coloun whirh dUtioguisheii moit 
acids rcadil; from alkalies. The chief property, how- 
ever, of acids is their forming neutral Bults. There ii 
not room in a Bmnll worli like this to go into paitico- 
larsofall the acids, of which I have eigewhere' enu- 
merated ncurif 150, and trL'ftted of them in detail ; but 
1 shall introduce one or two of the most interesting 
hy way of iltuHtration. Dr. Ure has arranged the 
adds in four cloases ; 1. Tliose containing oxygen; 
2, Those containing hydrogen ; 3, Thoae contaioinjT 
neither oxygen nor hydrogen i and, 4, Organic acid* 
of animal or vegetable origin. 1 shall select examples 
fircxn each class. 

CutirlUaeiUs of Nitric AM''. 
The strong acid, first prepared in the 13th century, 
liy Raymond Lully, has been long known iu the arts, 
nnder the name of ^jiin/brft>, which iaLadn for "stroi^g 
water.' If was discovered in 1785, by the Hon. Mf. 
Cavendish, to be composed of oxygen and nitrogenj 
and it was from this indeed that the term nitrogen ' 
originated. This may be proved by mixing to 
•even part* of oxygen gas «ith three of nitrogen 9 
in a glass vessel, with a little water over quicksilij 
and passing through the mixture a succession i 
trie sparks. This will force the two gases int 
(Hnation, when they will gradually diminish i: 
and jvill render the water strongly acid. Whel 
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little pure potass is at first put into the glass, instead 
of an acid being formed, there is procured what is 
termed nitre S or saltpetre, a compound of potass and 
nitric acid. 

It is from nitre, that nitric acid is manufactured on 
tlie large scale, by putting one hundred parts of it, 
previously freed from water by drying, into a glass 
retort, and pouring over it sixty parts of strong sul- 
phuric acid. The beak of the retort, luted with gla- 
zier's putty to what is called an adopter, is passed 
through another tube into a large glass bottle, con- 
tsdning twenty parts of water. The heat of a lamp, 
or of a sand bath, is then applied to the retort, when 




Preparation of nitric acid:— a, the retort containing the nitre 
•nd suiphoric acid} b, the adoptor; c, the bottle with ^ little 
water; ^ the lamp. 



* (1) Technically, Nitrate of potass; in Latin, Nitras potast<K, 
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the 'sulphur of the sulphuric acid leaves iC, and laj^ 
hold of the potass in the nitre, while the oxy^n aod 
nitrogeo gases thus set free, unite end pass into the 
adopter in the fomi of red or orange fnincs, which 
will condense and mil with the water in the botlle. 

The red or orange fumes whieh come over, and 
which become colourless aathe process advances, but 
redden again towards the close, consist of the nitric 
acid, which is itself transparent, and what is termed 
nitric gas ', which is ajso trail ip arent ; but when it 
meets with common air, or oxygen, it becomes 
coloured red, by forming nitrous add with the oxygen. 
ThoK reddbh fumes may be very easily shown, by 
putting a piece of clean copper, such as a penny-piece, 
into a glass, and pouring over It some nitric acid, 
when Ihe fumes will rise, which, by a different pro- 
cess, may be obtained in a liquid form. These ihmea 
are suffocative, and the acids, both the stronger nitric 
and the weaker nitrous, are poisonous when taken into 
the Btomach, by corroding its membranes, and pn^. 
(Judng violent inflamoiatioa and torturing pain. yV^tL 
smaller proportions of oxygen, two other adds ^^ 
tbrraed, the hjponitric, and the hyponitro 

Nilrous Gaa'', popidatlt/ LaiigluHg Gas. 

Another gas, popularly well known under 
of the laugliing gas, may be formed by eiposin) 
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liquid nitric oxide for some days to the action of iron 
filings, when half the oxygen goes over to the iron, 
and combines with it, leaving the gas free ; or, it may 
be rapidly and easily procured by putting into a glass 
retort some of the compound of ammonia and nitric 
acid *, and placing it over a lamp, when brisk effer- 
vescence will be produced, the gas will come over, 
and may be collected in the usual way over hot (not 
cold) water, or quicksilver. 




Preparation of Nitrons, or Langhingr gas. a, the retort, con. 
taining the compound of ammonia and nitric acid ; b, the lamp ; 
e, trough containing hot water, or quicksilver; d^ the glass 
receive. 

Sir H. Davy discovered, that by breathing this gas 
out of a bladder, or other convenient gas-holder, it 
excites a vivid flow of ideas, and an irrepressible ten- 
deacy to laugh, dance, and other muscular exertions, 
without any of the depressing feelings which follow 
intoxication. Some of the first who tried it, said they 
felt as if « bathed in delight." 



(I) Technicallf, Nitrate of ammonia. 
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ConilU-ueHU o/Ari^ioui Acid. 
The noted poisuuouB subslaoce, popularly knovD 
]i; the uiuue of arsemc', is a combiDalion of the 
metal naiued arsenic with onyg^n, pOBsesGing the 
UBual characteristics of an acid, such bs reddening ve- 
getable blues, which may be shown by sprinkling the 
powder on moist litmiia pa[)cr, though it does not 
appear to taste sour, but sweet, a circumstance which 
has uccasioned cases of poisoning, by children mis- 
taking- it for white sugar. As iu the preceding caec 
c combines with oijgen gas in two 
itoportions, producing two acids, one culled the 
ic and the other the arsenious. acid. Tlie ant- 
acid is what is popularly termed arsenic, uid 
>e obtained by burning metallic arsenic in oxygen 
When it is eipoiwd to a heat of 383° it rises in 
ir, which sometimes smells of garlic, though tfail 
the smell of the acid, but of the metal. Althougli 
K violent corrosive jKiisoD producing inflammation, it 
i, like many other poisons, a vnJuable meiliiine in 
1 doses'. Ii is more efiicacioue, for example, ui 
I cuing agues, than anything Mtherlo discovered, not 
a quinine itself ; and is the basis of the 
IS called Fowler's Solution, and the Tastelen 






Conitituenli of Hi/droc^anic Acid, 
Among tbe most powerful poisons hith^u discu- 
e acid, popularly termed the Pnutic aad, 
is {Tequeatly made from pmsaian blue'. So 
deadly is this poison, that Professor Schariager, of 
Tienna, having prepared some concentrated and pure, 
and spread a portion of it over bis arm, died very goon 
after in consequence ; a rod dipped into it, and applied 
to the tongue or the eyeball of any animal, causes it 
to fall dead almost as soon as if it were shot. It is 
consequently dangerous to prepare it, as well as to 
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In a weaker state, that is, diluted with water, this 
compound has long been known, Mae^uer iirst dis- 
covered that Prussian blue could be decomposed by 
Blluilies, and its iron separated from a principle which 
Bergman considered to- be an acid. M, Sage, in 
1772, aunouiiced it as an animal acid, and the cele- 
brated Sclieele concluded that it consisted of carbon 
and ammouia. In order to obtain it, Scheele mixed 
four ounces of prussiaii blue with tno ounces of the 
red comiiound of oxygen with quicksilver', prepared 
b^ means of nitric acid, boilbg the miiture in twelve 
ounces by weight of mercury, till the whole became 
colourless ; afterwards liltc^ring the liquor, and adding 



an ounce of clean iron filiogs, and six of seven 
drachma oF^dphuric acid. A fourth of this drawn 
off by dislJltatioD, will be hydrocyanic acid, contanii- 
n&ted with a little sulphuric acid, and containing sit 
ater. This weaker acid is at pre- 
sent employed as a medicine. 

The hydrocyanic acid is conl^ned in bitter almonik 
and in the kernels of rooet stone fnutf, as well a 
the leaves of cherry laurel, the water of m 
known to be poisonous. 

It has been shown to contain no oxyg^D ; bnffl 
be a compound of hydrogen and a peculiar compon 
gas. termed Cj/anogen '. 

Diicoverj/ of Cyamgen. 
In 1815, M. Gay Lussac discorered the gaseous 
base of hydrocyanic acid, by heating in asmall glass 
retort a quantity of the compound of quicksilver, 
vnth Prussian blue'. In these circumstances, it lint 
becomes black, then liquid, and at length & gas is 
evolved, which may be collected over quicksilver. 
This is cyanogen, thus named by its discoverer, be- 
cause it forms prusBian blue when combined with the 
red compound of oiygcu and iron ' j but, as Dr. Ure 
well remarks, it is not only the producer of blue, h 
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combined with other metals produces wtiite, red, and 
green. 

Cyanogen gas U without colour, and has a strong, 
penetrating, disagreeable, even a dangerous odour, 
and is verjr inflammable, LumiDg- nith a beauliful 
bluigfa flame blended with purple. B_v mixing' cya- 
nogen with oKj-gen gas, and exploding the tniiture, 
H. Gaj Luesac discoTered that it ia eompounded of 
its own bulk of nitrogen, aiul twice its volume of the 
vapour of carbon (not carbonic acid gad). 

HydrocTanic add then is a compound of hydrogen, 
ctibon. and oioogen. The cjanogen, however, aJso 
Comtunes with two proportions of oxygen, formiiig 
Cfsnic acid discovered by Scrullas, and cyanous acid 
Recovered in twn varieties by Wiihler and Liebig. 
Ilie compound of cyanog-en and iron united with 

Iirocjanicadd' forms an inlerestbg compound, 
B| Ferrocganic acid. 
K DUcootn/ o/C/iloriixlic Acid. 

"l814. Sir H. Davy, and about the same li 
G«y Liissac, discovered a peculiar compound, by 
idmhtingr chlorine in excess to knavn quantities of 
iodbie in vessels exhausted of air, and repeatedly 
Ikealing the sublimate. By this means, io^e takes 
up less than one third of its weight of chlorine, 
■ad the result is BO acid, which is very volatile, of a 
W^tl yellow colour, but when fused, or brought into 
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the Btate of gaa, it u bright orange. It does not 
appear, however, that the exact composition of ihia 
cliloriodic ucld is yet ascertaineil, though it seems not 
to contain either oxygen or hydrogen, 

Coasliluenit of Acctk Acid. 

The well-ltnown liquid, vinegar, is very impure, 
diluted, acedc acid ', irbich may be obtamed pure by 
distilling common vinegar, when it ia procured along 
with some water that may be got rid of by fi-eeung ; 
or by putting two parts of the compound of potass 
nith vinegar ', and one part of the strongest Eulpburic 
acid into a glass retort, and distilling the mixture into 
a receiver surrounded by cold water, pure concen- 
trated acetic add may be procured. 

This acid ia found in many vegetable and animal 
substances, such as in aweat, in urine, according to 
Dr. Ure in fresh milk, in the stomach of personi 
affected with indigestion, and in alt vegetables in a . 
state of fermentation. It ia procured in qnantiljes 
from wine, beer, sugar, and more reccnUy by distilling 
wood, in which case it is termed i^rui!^i;euiM ' acid. 
The following figure, from Parkes's valuable " Che- 
mical Essays," will «how the method of conducting 
this manu&cture. 



d Ox LktlD, Lignum, 
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glass oF water, it is refreshing and tonic, which priv 
portious, when astudent of medicine, I often used as 
common drink, before I ever iieard of its being poi- 
sonous. It requires about batf an ounce to prove 
dangerous or fatal. 

Oxalic acid exists in sorre), rbubarb stems, and seve- 
ral other vegetables ; but is manufiictured from sugar, 
by dissolving one part of refined sugar in four parts 
of nitric acid, and slowly distilling ofF about one part, 
when the oxalic acid remwns in the retort, and is 
obtained in crystals by evaporation. Dr. Thomson, 
by very careful experiments, found, that nine gr^BS 
of oxalic acid in crystals contain four grains and a half 
of water, three grains of oxygen, and one grain a 
a half of carbon. 






I HAVE stated above, that what are termed salts, or 
neutral salts, are composed of acids and alkalies, the 
term having originally been given to sea-salt ' exclu- 
sively. Almost all the salts are solid, and though 
their constituents are colourless, many of them are 
coloured, and several are colourless when the consti- 
tuents are coloured. Almost all of them, when dis- 
solved, have a peculiar taste ; but few of them have 
any smell. I have already gone with some nunute- 
iiess into the composition of common salt, and have 
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incidentally mentiooed several others ; but it would 
take more space than the whole of tbii little volume, 
to detail the propeitiea of nil the numerous salts. I 
shall therel'ore conteut myself here with noticiog some 
which Berzelius has rendered interesting, 

Conslituenii of Sutpho-Solti. 
The compounds, to which Berzelius lias given the 
name of Sulpbo-Saitf, have a metallic base, combined 
with a double proportion of sulphuric acid '. If orpi- 
meet', for instance, which is a compound of sulphuria 
MMand arsenic, be dissolved in solution of potass, 
the oxygen of a porljpn of the potass unites with 
arsenic, forming arsenious acid, and the potaseiuip 
thus set free unites with sulphur'. The arsenious 
amd agtdn thence produced, unites with the potass ' 
that remains undecumposed, while the compound of 
potassium and sulphur unites with the orpiment that 
remtuns undecomposed. Dr. Turner, however, thinks 
Itus may be cxpl^ned by supposing the oxygen of the 
anenious acid here generated to be deiived, not Irom 
the potass, but &oca the water in which it is dissolved. 
If this be correct, the very existence of a sulpho-saJt 
in solution will be disproved. 



^H TEXTURE OF SUBSTANCES. ^M 

The word " Bubstance ' " was invented by the 
ancient philosophers to signify a sort of framework or 
scaflblding, on which they fancied all material things 
to teat. The yellow colour of a piece uf g-old, to- 
gether with its weight, hardnese, and form, and other 
propertied, were not, in their opinion, the substance, 
but rested upon it, while the Bubstance itself was invi- 
sible, inscrutable^ end, in a word, thej did not know 
what it was, nor could they even prove its existence, 
no more than they could prove the existence of an- 
other imaginary thing called mailer, which they said 
had length, breadth, thickness, and impenetrability i 
though nobody ever pretended to have seen or felt 
i.ttus fiindful thing called matter, apart from wood, 
^^■kd. stone, or the like. 

^^Hferen the inductive philosophy of Lord Bacon, and 
^^^H^lun common sense which it has difiitsed through 
PUBlern philosophy, have not succeeded in banishing 
' '-dtngether tlie fanciful views built upon these theore- 
tical nothings termed substance and matter ; as one 
proof of which, I may refer to the conimeneemeut of 
Dr. Amott's " Physics," in many respects the best, 
because the plainest, philosophical work in any lan- 
;e, where the old doctrine of matter appears nearly 



it did two thousand 



years ago. 
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By some nicely refining' writers, the old fancy of 
lubilaiux being' the (ramework of all things, was mo- 
dified into what they termed essence ', and now the 
very same notion is expressed by the term no/nre* 
Accordingly we are told in most books, that ' the 
nature of light or beat is unknown,' meaning plainly 
by " nature " the fanciful nothing, otherwise termed 
substance or essence t for the properties of light and 
heat are as well known as those of water or iron. 
The same fanciful dreams have given rise to the im- 
pertinent lUacuasions whether light, heat, &c., be 
material ; that is, whether they have a frame work of 
the long, broad, thick, impenetrable, and fautuiul ni>- 
tlung, which nobody ever saw or felt, called malCer'; 
or whether they be mere motions, esiating, of course, 
without any thing being moved, and like no other 
The impertinence and folly is carried fur- 
ther by those who argue for light, heat, &.C, being 
supported on this fenciful framework, as they hesi- 
tate not to call them jfuuff, though they cannot be 
shown to possess one property in which they in the 
least resemble water or other fluids. It is surely 
high time that aU such visionary stuff were banished 
from Buiences pretending to be supported 0:1 rational 
proofs ; yet I scarcely know a single scienrific work 
la not morp or less contaminated therewith. 
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1 have used the term " Bubstance ' throughout this 
work as meaning any cbemical article, simple or com- 
pound, without any reference to the old fancy, and I 
shall now use it in the same way. " Tenture " is 
here meant to eipreas the state of coiiipactneaa or 
looseness in which the particles composing a sub- 
stance are found, as well as the regular or irregular 
Arrangement of such particles. The state of com- 
pactness or looseness will now be shown to depend 
on what is called heat ', and the arrangement of the 
particles on what is termed po/ari^. 



Watbh, our first esample of a compound substance, 
1b well known under three states of texture, solid, 
fluid, and gaseous, popularly called ice, water, and 
steam. Now in all these three states, so far as che- 
Dustry can ascertain, there is no difference whatever 
in the proportions of the oxygen and hydrogen com- 
posing it, and the only proved difference is in the 
varying proportions of beat. With respect, however, 
to oaygen and hydrogen, we can confing them in 
our receivers and estimate theu bulk by measurement 
and their weight by the balance i while heat Ciuinot 
be so weighed and measured. The c 
founded on personal feeling of the air beu 
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hot and Boraetimes cold arc exceedingly vague ; often 
depending on the individual, who may feel cold when 
annther may feel warm. This difficulty haa been in 
part got over by the invendon of an instrument, ori- 
ginating in it9 improved itate with Sir Isaac Newton, 
by which the quantity of heat is estimated, not by 
wdght or meaaurement, but by d^rees. This ig 
called the Thermameter'', and ia founded on the prin- 
ciple, that quicksilver, spirits of wine ', or whatever 
else is used in constructing the inatrument, expands 
or contracts in proportion as there is more or less 
heat present. The instmment ia placed first in freeing 
water, or rather in melting ice or snow, when the 
expansion of the fluid is marked, and then it is placed 
in boiling water, when the expansion is again marked. 
The distance between theae two points, on a fixed 
scale, is iJien divided into degrees — different, unfor- 
tunately, in different countries. In Britain we use 
the Dutch scale of Fahrenheit ; in France they now 
use the Swedish scale of Celsius, called the Centi- 
grade' i while in moat other countries they uae the 
French scale of the celebrated naturalist Reaumur. 
The following figure, from the " Companion to the 
Almanac," gives a comparison of these three ther- 
The point marked 0° is termed zero '. 
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Thia instrument aftbrds the meana, then, of 
muting the degrees of heat commuQ Seated to it, but 
nothing more, for it does not tell us anything with re- 
spect to the degrees of heat that remain as permanent 
in fluid water, ice, or stetim, as do their oxygen and 
hydrogen ; because the heat I allude to, is inaenaible ', 
and filed in the water, ice, or steam, as a portion of '. 
texture or aubstance, — a singular, and important 
cumstaDce which will require brief illustration. 



Insetuiblc oi 



confined Heal.' 
It is a matter of popular remark, that the air feels 
colder when a thaw -commenees than it bad done 
during severe frost, — a circumslajiee wliieh can be 
readily explained from the doctrine of heat combining 
with substances in an insensible form ; for as it re- 
quires heat to expand substances, the things frozen, 
such as water, will require aqiiantity of beat to render 
them fluid, and for that purpose will lay hold of it 
from the air and other things contiguous, which, 
being thus robbed of their sensible heat, niust [eel 
colder. 

That the water, on being converted from solid ice 
into a fluid, has tlien taken in a considerable portion 
of heat, and kept it confined in an insensible state, can 
be proved by numerous experiments. Let a piece 
of fresh burnt quicklime, for instance, which, on trial 
with the thermometer, shows Uie same degree of heat 



1 



ae the air, be sprinkled with water aa cold as it can 
be piucured. It will immedialelf b^n to hiss as if 
you had thrown the water ou Uuruing coals, a wWte 
Bmoke will arise, and the piece of lime will crumble 
to powder j but the most remartable circumstance is, 
Qiat the water will disappear, and a great degree of 
sendble heat may be felt, derived evidently from the 
vBter, as its texture is more loose than the compact 
liine, and as it disappears, i( must actually become 
dry by the loss of its insensible heat, both the lime 
and it changing their texture the while. The white 
smoke consists of a small portion of water converted 
into steam by the evolution of the sensible heat, and 
some of the fine particles of the lime mixed there- 
mth. 

When the fluid texture of water is changed into 
the Bolid texture of ice, there is a similar evolution of 
sensible heat, ihougrb not so obvious aa in the instance 
of slaking quicklime. This can be most strikingly 
exhibited by the effect of evaporation, that is, con- 
verting a portion of the water into gaseous vapoar, 
which, requiring a considerable quantity of heat for 
this change of texture, carries it off from the rest of 
the water, and being thus robbed of the heat required 
for the fluid texture, it id converted into ice. The 
experiment contrived by Professor Leslie, of Edin- 
burgK shows this in a beautiful manner : it is founded 
cm the principle of water cvajiorating more rapidly 
ten the pressure of the air is removed, and on 
^horicacid greedily absorbing moisture from the ur. 
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Another easy eiperiment, iHustratJng the 
thing, b performed bj digBolving as great a qu 
as pMsible of Glauber's salts', a compound of » 
ric acid and soda, in a pbial neaily full of 
brining it to boil over a, lamp, and then corli 
tight, taking care not to shake the phial till it be 
cold. On then remorii^ the cork, the flui 
become solid, and at the same time will throw ' 
insensible heat, which may be felt by the band i 
outside of the phial. 

It appears to hold nniversally, that a su 
iegtee of heat will convert the moat solid sut 
"; or flmd state, and from that. Into a ' 



^M EFFECTS OF KBAT ON TEXTCBE. 1)5 

vapoui i while on the contrary, the abstraction of heat, 
if carried far enough, will convert all vapours into 
liquidit, and all liquids into solids ; a certain portion of 
heat always becoming inreusifale in proportion as the 
texture of the substance becomes less compact. This 
insenaible heat always appears again in the sensible 
form, as the texture of the substance becomes more 
compact 

A tin saucepan set on a brisk fire, without water, 
would soon melt by the heat supplied from the fire 
entering into the tin, changing its texture, and becom- 
ing in part insensible ; but if the saucepan contains 
water, the heat supplied by the fire to the tin will be 
successively carried off by the water, whose texture 
it will change into steam, so that the tin can never 
letaln enough of the supphed heat to change its 
texture, as loi^ as there is any water left to cany 
it off. 

Even when the texture of a substance is not actu- 
ally changed by adding or taking heat from it, ccrtun 
variations of heat will alter its dimensions, a principle 
well knorni to country artisans, who, in order that the 
iron hoop of a cart wheel may fit tight, malce it, at 
lint, a little smaller than the wheel ; then they heat it 
Etrongty by a lire of brush wood, and when it is thus 
coiiMderably widening by the addition of heaf, they 
^ply it to the wheel, and as it cools it contracts 
tightly around the wheel. 
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D'acoiviy of Vie Condeniation of G 
It baa been customat; to divide substances h: 
the teiture of air or steam, into gases and Tapours i 
though the distinction was hj do meane good, depend- 
ing as it did merctj on gases not being eondensible 
by abstracting their heat, as vapouts are. The inge- 
nious cxperiiDonts of Mr. Faraday, in 1623, by which 
he BDCceeded in condensing a number (£ the gaaes 
formerly hdd to be incondeofiible, clearly showed the 
ioEtccuracy of tlie classijication. 

It hod long been known, that in rendering any ^ub- 
Usnce more compact in texture by hammering or 
pressure, it gives out heal, that is, its insensible heat 
u forced out and becomes sensible. Thus a pieoe of 
■rem may be hammered till it becomes red hot, and if 
a quantity of lur be suddenly compressed, as by flie 
piston of a syringe, or in the ball of an air gun, 
it will give out enough of heat tn set iire to tinder or 
gunpowder. It was a fair inference irom this, that if 
lufBcient pressure were applied to the gases, thdr 
[lieat might be forced out sufficiently to ciiauge their 
teztute to that of liquids or solids. 

Mft Faraday's contrivance, while it went upon this 
pie, embraced another, by providing for the 
removal of the heat forced out from the gas by 
lure, which otherwise might have tended to 
t the abstraction of the rest. The cc 
eieioplified in the instance ot carbonic ai 
bending a very strong glass tube b 
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long into an angle two inches from the end, which is 
then closed by melting the glass '. The bent part of 
the glass is then nearly HUed with very strong sul- 
phuric acid, taldng care not to wet the part dmve, 
which is nearly filled with small bits of the compound 
of carbonic acid and amnnonia ', but so ae not to touch 
the acid below it, till the upper end of the tube has 
been closed in the Eame way as the tinder, when the 
aod is made to run into the longer part of ihe lube. 
The ammonia in that case joins n'ith the sulphuric 
add, and sets free the caibonic acid gas, which being 
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Mr, Faraday's cicpniinent (or UqupfylDg' ouFboaii: 



inicaUr, CarbonMe of Amnvm'n. 



preventcij from escape or eipanmoa hy the cIomJ 
gas, heavy pressure ia produced by its acting on itself; 
and as heat is thus forcccl out, it is carried off by 
plunging: the longer end of the tube into snow, of 
pounded ice. The carbonic acid gas by this manage- 
ment hai its gaseous texture changed into a liquid 
ene, appearing limpid and colourless. 

Other gases, to the number of nine or ten, have 

been liquefied in a similar manner; but Ititherto the 

I InptmaDt gases, oxygen, hydrogen, and nitcc^n, 

t iawre proved refractory, though it ie highly probable 

iniBtely be Condensed, as our means of 

I tiperatli^ become improved. 

'e are, from these eiperiments, " led to regard it," 

le words of Sir John Herachel, " as a general fact, 

li the liquid and aeriform, or naporous slates, are 

Idy dependent on heat ; that were it not for this 

e would be nothing but solid* in nature j 

in the other hand, nothing but a sufficient 

^ of heat is requisite to destroy the cohesiou 

y lubBtanef, and reduce all bodies, first 

[aids, and then to vapour." 

Exjitaualhn .if Burning • and Flame, 
'a oxygen was first discovered, it was supposed' 
le sole aiid exclusive agent in the process of 



I 



buraiDg, and there can be no doubt of its being very 
oniTeiaaJly present in auch eaaes ; but recent 
coveiy baa ahown that it is inuccumte to make it 
exclmive agent, for burning is nothing more than 
the forcing out by chemical combination a quantity of 
insensible heat, so as to render it sensible. 
sabstance, therefore, even ice and sn 
or IcM ingensible beat, trhatfver circumstances may 
force out enough of this insensible heat, to render it 
efecte visible by producing fire or flame, will caiis< 
buming, whether oxygen be present or not, 

Inthecaseof oxygen, if a small bit of the new metal 
potassium beplacedon ice or snow, it will combine nitb 
the oxygen therein contained, and at the same lim 
force out its lieat in form of a very brilliant flami 
proving that the ice or the snow contains a great deal 
oTbeat. In the instance of burning wood, or coal, the 
heat evolved is forced ont Irom the oxygen in th' 
around the fire, and when more air is bluwn intc 
fire by means oTa pair ofbellowB, the heat isincrei 
liecause the quantity of oxygen is increased, 
oxygen in all these cases becomes solid as it ^ 
(Hit its heal, as is proved by burnt substances, v 
none eS their materials are diffused in vapour, be- 
oorolng heavier than before burning. Solid oxygen, 
however, has not hitherto been obtained upart from 
die mbstances with which it combines. 

One of the most remarkable instances of these 
diservations, is the burning of the diamond, the hard- 
en of all known substances. The process is eSected 
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stead of oxygen gas in the globe, there is found car- 
bonic acid gas, of the uttoe biJk indeed aj the oxygen, 
which hod disappeaied, but with an addition of weight 
preciBcly equal to the weight of diamond consumed, 
proving it to be pure carbon. 

The other simple substances, whose rapid combi- 
nation in forming compound substances, forces out ao 
much of their previously inaensible heat, aslo render 
it risible in (ire or flame, are chlorine, bromine and 
iodine ; but these are bo seldom met nith, except by 
chemists, that in all common instances of fire, Lavoi- 
fier"* oxygen tlieorysiill holds good; and as an impor- 
, taut inference there&oDi, it may be stated, that all bum- 
9 the oxygen of the wr, and of course 
ikioiateB it in quality. 

9 heal and light be identical, (aa is now par- 

■ held,) or associated very constantly together, it 

It be easy to explain the luminous appearances 

u the preceding cases. Fiame, however, 

1 better understood, in consequence of the 

chei of Sir H. Davy, and I may also say of my 

tdiKend, George Oswald Sym, M. A., by whose 

r death science lost a zealous e 



e does not apiMMj to me to bo correctly de- 
1 by Dr. Lardner. as " gas heated to whlte- 
,■ nor by Dr. Turner as " gaseous matter, heated 
Dtely, as to be luminous^." M. Babinet ci 




nearer the tacts, when he calls it the " mcaiide»- 
cenee,' that is, the while heat, " of combining gases." 
For it ii not surely the oxygen in the tiameufacBadle 
wliich is heated to whitenesB, nor the hydrogen and 
carbon, nor theee mixed or combined wilh oxygen ; 
but it is the heat previously insensible in one or all 
of these, which is forced out and becomes Inminous, 

er as an inherent quality of a certain quantity of 
heat, or as associated when in such quantity irith 
light. It might as well be said, that the full light of 

sun is gas heated to whiteness, as thus to describe 
the flame of a candle. The heat from the burning 
wick of a cundle, decrimposos the tallow or the wax, 
and causes the hydrogen and carbon therein contuned 
to rise in a circle round the wick, in form of hot 
>apour, which, combining with the osygen of the m, 
forces out its insensible heat in such quantity as be- 
comes luDtinous u little below the tip of the wick. 
This forced-out heat ag^n acts on the rising circle 
of vapour, and expands it so, that it is wider about the 
level of the tip of the wick than bulow this. The 
surrounding air also carries olTthe evolved heat 
rapidly, and in proportion as the circle of vapoui 
this becomes gradually narron'cr, till it ends 

Mr. G. O. Sym, if 1 am not much mistaken, 
the first to prove that tiame is hollow, that is, 
is only a thin portion, like a coiled leaf of pa] 
which is luminous, because there is not a sulBci 
«ppty of oxygen in the central port to combine 
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f A beautiful and importandy useful applies 
le doctrine of flame ivas made by Sir H Davy iji 
e of the iiistrumeut called the Sa/eli/ Laiiij/. 

We have seen above, that a tin saucepan can be kept 
from melting by means of water carrying off tbe 
accumulating heat ; and on the same principle, one 
half ot Vtm thirds of tbe flame of a lamp or candle 
Gaa be extinguished by carryiiig off its heat, whiuh 
may be proved by placiog over a flame a bit of «- 

II the gauxe laying hold of bo much 
of the heat forced out by the combination of the gases 
that no Hame will thua pasa through the meshes ; and, 
consequently, a lamp surrounded nith wire gauze 
may be carried in safety amidst hydrogen ga.', which 
would, without this precaution, eiplode i 
leorii" than gunpowder. 
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, have been carried into it, dreadful explos 
occurred, a:id mwiy lives have tbns been lost 
This Sir H. Davy's wire gauze lamp effectually pre- I 
n, by the enlargement of the flame J 
ithiOig^ves the miners timely warning- of the danger, i 

Source of Heat in Aiaiaali and in FlaiUi, 
The source of heat in animals and plants has given I 
rise to much diecusaion and differcuces of gpinion, 
wtuch I cannot spare room to go into here ' ; 
shall state what appears to be chemically true, what- 
ever other sources of heat there may be. 

The animal blood, containing a quantity of carbon, 

is brought from all partB of the body by the veins, 

and carried to the heart, by whose motion or beating < 

it is thrown into a large vein ^ and earned to the lungs, ' 

where it is distributed into innumerable small tubef, ' 

exposed through their very thin membranes to 

&esb wr taken in by breathing. Here the blood, 

dark coloured, takes from the air a part of 

oKTgep, with which it combines, rendering the dark 

bright scarlet, while at the same time another 

\ of the oxygen unites with the carbon and 

Iragen of the blood, and passes off into the air by 

returning breath. In both of these combinations 

insenBible heat of the osygen must be forced out, 

of course must be communicated to the bright 

and pure blood which is returned to the heart. 
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and Ihiawn by it into the arteiies to be distributed M 
ali parts of the body, in order to supply heat as well 
fi3 fresh matcriala for the gTunlh aiid reptur of the 
Bevera! parts. A man absorbs about two pounds and 
a half of oxygeii in twenty-four hours. 

Such is the account first given by Dr. Crawford, 
and in part coniirined by the recent experiments of 
Dr. Edwards, of Paris, who has proved " that the oiy- 
g-en oF the air taken into the Inngs by breathing, is 
wholly absorbed, being: carried into the circulating 
blood ; that it is replaced by a quantity more or lesB 
equivalent of carbonic acid exhaled in whole or in 
part Irom that which is contdned m the venous 
or dark-coloured blood ; that the animal ijeside* 
absorbs from the air a portion of its nitrogen, which 
is earned in whole, or in part, into the mass of the 
blood ; and that the nitro^n absorbed is replaced by 
» quantity more or less equivalent of nitrf^en ex- 
haled in whole or in part from the blood." 

According to the experiments of Jiirine and Aber- 
nethy, a somewhat similar process goes on over the 
whole Bur^e of the skin ; and if this be correct, it 
will account for the production of all the heat in aj> 
animal body. 

It is a very striking ikct, that the heat of animals is 
Tery nearly the same in all climates, in the burning 
deserts of Africa, and in the froaen Tegions near the 
Pole ; but thia follows clearly from the preceding 
explanation ; for so long as the lungs can act in 
absorbing oxygen, it will give out the same quantity 
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of heat. When the heart is made to beat rapidly by 
muscular exertion, or other niea:i!^ more air is token 
in by breathing, and more oxygen is of course con- 
sumed, as in blutving- a. fire, and more beat given out. 
To the uninstnicted, however, it appeora no lees 
erroneous to suy, that tlie body is equally warm on a 
eold winter's morning', and on the moat Bullry of the 
dog dayn, ae to ailinu that the sun is stationary, con- 
trary to the apparent evidence of the senses ; yet the 
one tnilh is as well asi.'crtained as the other. For 
example, Capt^i Parry (bund, that wlien the air was 
from three degrees above lero, up to the freczbg 
point, at Winter Isle, lat 60° 1 1' N, the interior tem- 
perature of the foxes when killed, was from 106| 
degrees to 98 degrees ; and at Ceylon, Dr. John 
Davy found that the temperature of the native inha- 
bitants differed only about one or two degrees from 
(he ordinary standard in England. At very high 
temperatures, however, there is a little more difference, 
W appears from the ingenious experiments of Dela- 
roche and Berger, who exposed themselves to a heat 
of 398 degrees, that is 16 degrees above llio boiling 
point of water, and ascertained that in such eases 
there is a considerable increase of heal, as might 
indeed have been anticipated front the principles I 
have here laid down. 

It is worth remarlung, that the process above 
described as taking place in the lungs, is performed 
wilhont the presence of light, & circumstance usually 
overlooked i and in the dark, the very same ^roceu 
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ia peifanned on the surface of the leaves of planls, 
where the a^, like the venous, or dark-coloured bloirf 
in the lungs, is exposed to the fresh air, from which it 
takes oxygen and gives cartonic acid gas in return. 
In the light of the sun, or in bright artificial light in 
greenhouses, this process is reversed, the leaves giving 
out oxygen to the air, and absorbing carbonic acid ; 
consequently air, which has been robbed of its oxygen 
by fires, by the breathing of animals, or by the vege- 
tation of plants in the night, has this oxygen restored 
by the vegetation of plants by day. Even in winter, 
accordingly, plants are warmer than the surrounding 
air, as may be proved by boring into a tree, and in- 
serting a thermometer in the hole, when it will ,b^^ 



SencHle and Unco'ifined or Free Heat. ^H 

The heat which passes readily from one substance 
to another, cither in consequence of some chemical 
combinaUon causing its emission, or when no such 
combination U going -forward, ajid which is not fixed, 
as in the preceding case, may be called sensible heat. 
The most remarkable circumstances with respect tg 
sensible heat, is the mode in which it passes from one 
contiguous substance to another, termed Rotation' ; 
and in which, on the other hand. It passes through the 
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porU of an individual subatance or severai aubatancea, 
touching each other, termed anutuclion'. 

Radiation. — Whenever seDsihle heat is given out, it 
streams off all around in etrajght lines or rays, nhich 
will pass through air or gas in the same way aa rays 
of light will, till they meet with some Bubstance capa- 
ble of stopping them, or of refiecttng tticin, as light is 
reflected from a looking-glass. It would appear, in- 
deed, from the researchea of M. Prevoat of Geneva, 
(hat streams of heat are at all times parsing off from 
every substance, but more from those wliich are hot- 
ter towards thoae near them, which are colder, till an 
equal diffusion of heat is produced among them, bo 
that when a lire sends off heat to a bit of ice, the ice 
in turn sends off some to the fire, in the same way a£ 
when the sun eende light to a burning candle, the 
candle in turn sends back some light towards the 

n the other hand, denies 

maintains that radiation 

IS when a cold body lakes the same degree of 

Bl a hot one near it. 

a order to prove the radiation of heat, M. Pictet 

tlived a very ingenious experiment, by means of 

t, the peculiar form of which causes 

i t»ya of heat, reflected from them, to meet in a 



b,'' and DucHo, " IouUdk," i 
1) laUn for " a BrB-i(to«-" 




3> <' f- fi wbich arc agsi 
HnMO. t. i. a. convfrfing 
bnlb, A, of a lUilirentiBl lliei 



The efTect of receding the rays of heat to a point 
in this manner, k to expand the air in the bulb of the 
thermometer, and, of course, to cause it to presa on 
the fluid in the tulw, which will rise in tlie opponte 
tube. If a piece of ice be placed at c instead of ihe 
hot iron, the bulb of the tliermoineter being now Ihe 
hotter of the two, sends off so many more rays of 
heat than it receives, that the air in it is condensed. 
and the fluid in the opposite lube, sustaining less 
pressure, rises.* In any other intermediate point than 
the focus o? the two mirrors, the eftect of the rays of 
heat is much less, in consequence of their not being 
brought to a point 
Professor Leslie ciLended, in a very ingenious 
r, the researches of Saussure, Pietet, and Pre- 



vost, by filling a square tin box with hot water, and 
britiging- the rays of heat emitted from it, into a fo- 
cus, by a concave mirror, similar to the preceding. 
He arrived by this nieatis at the remarkable and in- 
teresting conelusion, that the rays of Leat stream off 
in greater number from a rough, dull eurbce, than 
Urom a smooth and bright one ; for by covering the 
turbce of the tin with a tliin coating' of ieinglass, pa- 
per, lamp-black, writing-wax, or resin, the radiation of 
besrt waa greatly increased, as it was also by seratch- 
iiig or rubbing off the polish of the tin. It follows 
that the brighter a silver tea-pot or a roasting-sereen 
is kept, the longer will the heat be reUuned, and thus 
|upeB for warming houses, or plant-stoves, ought not 
to be polished. Black also radiates more than 
white. 




I 



The same ingeniouB experimenter further proved 
that a surface that radiaies heat well, reflects heat 
badly, and the contrary ; bright polished metals, for 
instance, which radiate so slightly, reflect much of the 
heat that comes lo them from without. This may be 
familiarly proved by standing at the ride of a fire, so 
as that the heat from it may not fall directly on the 
fiice, while a broad piece of polished metal ia placed 
opposite the grate, so as to permit the observer to 
see in it the reflection of the Are, when o glow of 
heat will be instantly felt on the lace. If a piece of 
cloth, wood, or any other imperfectly reflecting sub- 
stance, be substituted for the metal, no glow will be 
felt'. 

Conduction.— When a piece of iron or glass are 
brought to the same degree of heat, they feel of very 
diiferent degrees of warmth, when held in the hand, 
fiw while the glass may feel but moderately warm, the 
iron may feel burning hot, because iron allows heat 
to pass through it more readily than glass, and, con- 
sequently, though at the same dfigree of heat as the 
glass, it will give out more of what it has to the hand. 
Iron again when not heated, will, for the same rea- 
son, feel colder than glass at an equal degree of heat ; 
and among the things in a room, as Dr. Turner re- 
marks, " the carpet will feel nearly as warm aa the 
hand ; a book will feel cool, the table cold, the mar- 
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Ue ctumuc'i'-piece colder, and the candle-stick colder 
9tUl ; jet, a ihennaiueter applied to them will stand 
exactly at the same beighL" They are all really 
colder than the hand i hut those that carry away 
heat most rapidly, produce the strongest fueling of 

M. Despretz made eiperimenta on the conducting 
power of various Buhstances hy applying Ihe heat of a 
lamp to the end of a bar of the substance, coated with 
varnish, while a thermometer was placed at the other 
end. The results were as follows. 



Count Rumford tried some ingenious eiperimcntt 
<m the materials of dress, in order to eacert^ their 
conducting powers, by pladiig a thermometer in a 
glasB cylinder, and filling the vacant space with what 
was to he examined. He then first plunged the 
whole into boiiing water to bring it to 212 degrees, 
I transferring it into pounded ice, he noted the 
■ wluch elapsed before the thermometer fell to the 
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TEXTURE OF 8CB8TAKCE8. 



freezing point of 32 degrees. By this means hefbnnd 
that 






^Atmospliericair ...» 576 

( Fine lint 10» 

I Cotton ^ro(d .... 1046 

J Sheep's wool ... . . ms 

S Raw silk ..... . 1284 

IS96 



1 Beavers* for . . . - - 

I Eider down 1305 

l:Hare8*fur 1816 



Consequentl}' hares' fur is by far the warmest, and 
lint the coldest of all these articles of clothing ; for 
the warmth effected by clothing is not in consequence 
of any heat in the dress, but in consequence of its 
preventing the escape of the animal heat from the 
l)odv. 

Dr. Lardner, in his excellent Treatise on Heat, 
t^xplains the process of conduction by the following 
verv ingenious instrument : — 

i 



k 



tO&i 



c 



d^ 



O 





Dr. Lardncr^s experiment on the eondaction of heftti^-o, a 
square block of red-hot iron, in contact with' d, one end of a 
bar of brass, which passes throujrh a screen, c, to intercept the 
heat which radiates fh>m the iron ; tf, tf, d, c^ small caTltiea ia 
the brass bar, filled with qaick.silver, into whidi are plunged 
the bulbs of the thermometers, I, s, 3, 4. 
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Before the red-hot iron is made to touch the brass 
bar, all the thermometers will stand at ihe samS de- 
gree, but BooD ailer it ia made to touch, the first ther- 
mometer will rise slowly, and Bucceseively ail the 
others OB the heat is conducted along the bar. 

biGHr mig-ht require a notice in thia place similar 
to heat ; but aa its chemical effects are but very par- 
tially and imperfectly ascerKuned, I shall postpone 
their consideration till another oppoituoity'. 



The same tiiiieiful views with respect to substance, 
aie»oe,t>i malter.have been taken of the agent termed 
SkcMciii^, similar iu many respects to heat, as 1 have 
above pointed out : and in books we accordingly 
often meet with the term electric Jlvid, though nothing 
in the least resembling a fluid has ever been traced 
aa the agent in electrical phenomena, and the writers, 
indeed^ in the same breath, impertinently tell us that 
' its ttatare is unknown." 

In the account already given of the discovery 
of the composition of water, and in several other 



insluices, the power of electrical agency in produiaag 
chemical combination, as well as in dissevering the 
conalituentu of a compound, have been incidentally 
illustrated. 

Lii:e heat, electricity varies much in its rapidit; of 
passage through different Bubstanccs ; but heat ap- 
pears to pass more or less rapidly through all, whereas 
electricity, as was discovered by Mr. Grey, in 1739, 
and proved by M. Dufay, in 1733, while it passa 
freeiy along certain substances, is arrested, more or 
less entirely, by others. The first are termed con- 
ductore, among which are all metals, charcoaj, water, 
and plants and animaU, because they contain witter ; 
the last are termed non-conduclori ; among which are 
glass, resins, sulphur, diamond, dried wood, dry silk, 
hair, wool, and atmospheric ^r, when not damp. 

It is the property of damp air, indeed, in carrying 
off the due portion of electricity from the body, with- 
out which we can never enjoy health nor comfort, 
that renders damp, foggy weather proverbially gloomy 
and cheerless. When this portion is deficient, we 
feel languid, heavy, and low-spirited, and we veiy 
foolishly pronounce n libel on the blood, which is 
quite innocent, while we never suspect the damp 
atmosphere of robbing us of our electricity. Yet so 
it is. In dry weather, whether it be warm, cold or 
frosty, we feel light and spirited ; because dry air ia a 
slow conductor of electricity, and leaves us to eiyoy 
its luxuries. In moist or rainy weather, we feel op- 
pressed and drowsy ; because all moisture greedily 
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absorbs our electrit^tj, which U the buoyant cordial 
of the body. To remedy this inconrenienee, we 
have only to discover a good oan-conductor of elec- 
tricity to prevent its escape from the body, and thU 
we have in Eilk, which U so excellent a non-conductor, 
that the tbunderbolt, or the forked lightning itself, 
could not pass through the thinnest ailk baadker- 
chieC provided always that it be quite dry. Those, 
therefore, who are apt to become low-spirited and 
liitless in damp weather, will find silk waistcoata, 
drawers, and stockings, the most powerful of all cor- 
dial*. 

The conductors of electridty are nearly the same 
OS the good conductors of heat, and from this and 
other circumstances, there has been made out be- 
tween them a close similarity, if not an identity. 
If an excited conductor, such as a metallic wire, be 
made to communicate at one of its extremities with 
the earth, the electricity will pass to it from the op- 
pomte end in an instant, even though it were several 
miles in length ; so that where the balance is disturbed, 
it will at once be restored along the whole 
as effectually as if every pobt of it communicated with 

s ground. 
LWben electricity is accumulated and condensed, 

\ dkcbarge, as it is termed, is accompanied by 
Ight fiery spark, which mill commui 
^drogen gas, and other combustible materials, i 
e already seen. This is turned to advantage i 
1 of Ihe following elegant a.^^ax%iLU 

tiucing iostantaneoua light. 
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a fKA holder, CQDndD- 
a the jet of (Mi d, s raiidle Jlghteit bj the Jot. 

The Bppatatiu invented b; Gatvani, Volta, and 
Cruickshaak, for evolving concentraled electridty 
through the agency of the chemical action of certain 
subatancefl on each other, renders tlie preceding view 
of its similarity to heat highly probable. The re- 
rent researchea of M. Pouillet and others on this in- 
teresting sulgect, will come tinder ii 
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n property of the magnetic needlo 




^rs' compass to ataiid with one end 
directed towards the north iwle, and the other Ici- 
wards the south pole, ie tErmed ite polaritt) i and 
recent researches lead to the conclusion that the par- 
ticles of all lubalances may be more ur less alfecled 
vitb lome species of similar polarity, not perhaps 
directed north and south, like the compass needle. 
but in Borne other direction, so as to influence the eon- 
(brmity of arrangement in ilie comhinationB of che- 
mical substanceB. It is proved by the moat rigid 
experiment, that both the rays of light and heat pos- 
sess polarity, a discovery iirst made by M. Mains, 
and uuce investigated by Arago, Fresnel, Biot, and 
Brevster. Professor Oerstedt, of Copenhagen, 
discovered that electricity gave polarity ; and it was 
discovered by Dr. Morichini of Rome, and fiince 
proved by Mrs, Somerville, that certain rays of light 
impart magnetic polarity to iron and steel. Berzelius 
mdeed announces generally, that in all bodies "the 
particles, or atoms, are endowed with a. certain pola- 
rity, and with a different intensity of action in the 
poles of those atoms." 

On looking at a number of lubstances in this point 
of view, we find that some are very regular in texture, 
while others are irregular ', the regular boing Siud tu 
be crystallised', the irregular not crystallised. It will 




be useful here to notice briefly the subject of cr 
WiMion. 



Stnieture and Formation ifCrt/ttali. 

The l£Tra " crystal " is not confined tt 
treuiBpaient, like ice ot glass, which was 
meaning of the term, but U now applied to all sut 
stanceA wbich take a ri^ular fonn in consequence i 
chemcal chang-e. The celebrated Beigmui appeal 
to have been the first who thought of disBecting cryi 
laU in Older to ascertain their structure ; but he coi 
fined himself to mechanical dissections. Profe«B< 
Daniell contrived the still more ingenious ir 
dissecting crystals by dlxsoUing them in a 
and Mr Faiaday has extended his eKpenmeuta« 




Mr, Dalton has represented a crystal of alun 
cording to h ' notion ol the globular fori 
leveral particles ui the following manner — 




e of the 



t familiar instances of ciTSteUiia* 
IS when we see it shoot out into 
e-lilce lines on the edge of a pond, and in the 
; of hour frost, or arrange itself in every 
diversity of elegant fonn when frozen upon window 
glass ; and no less so, though eeldonier observed, in 
the flakes of falling anow, as is represented in the fol- 
loning magnified figures from Scoresby's interesting 
work on the " Arctic Regions," 




risauung Bubatances to expand ; and cold, that tB; 
I •bsence of heat, being prodi 
J great is the force with which waler, 
^ Df polarity, expands upon freezing, that it has 
1 aadc, in the experiments of Major Williams, 
■ Iron bombi, and is one of the moat active agents 
; mount^n rocks '. M. de Muran was 
D that the crystals of it 
n angle of sisty degrees, or of one '■ 
nd twenty degrees. The interstices produced 
is arrangement render ice from a tenth 
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Within certain inteistices in all crystola, cither 
formed' in this way. or from some other cause, a am&ll 
portion of Heater u always lodged, tenaed the water 
of cryalallisation, which may in general be expelled 
by means of heat ; but in tliat caee the form of the 
erj'stal ia destroyed, as may be shown by heating 
crystals of Epsom salts, so as to drive off the water 
of cTystallisaliou. 

It would appear most probable, from the experi- 
mcnU of Professor Daniel), that the particles of which 
crystals are composed, are ofaglobularform, account- 
ing for the smooth surface of crystals from the ex- 
treme minuteness of the particles. The regular 
arrangement of such globular particles uiay be repre- 
sented by bullets piled up into regular figures, as 




3 supposed by Rome de I'lale, Haiiy, and 
Hohs, that the form of crystals affords a good chnrac- 
lerislic" for distinguishing minerals ; but though this 
appeared very plausible, and was adopted by Jameson 
and others, it hae been overtuined by 'Ak K^ficn>«:s«£% 




SuppoKd 1' 
[ luppwwl to b _ 

line of tubes being iflmoved. ' """"-""" 

I of Professor Mitscherfich, of Berlin, in 1819. He 
I found that a nunibcT of subatances produce salU, 
J having their crystalB of the same form ', phosphonis 
' and anenic acids being the first of tliese observed, 
tvhoDe Baits have the sajoe foinied crjetala ; and since 
n he has discovered, amongst other instances, that 
thn same holds true of the saJts formed by the sclenie 
and sulphuiic acids ; by lime and magnesia i and bj 
itoiwcobalt, and nickel. It is worthy of reniarli, ai 
I tending to prove what I have said above, that Mits- 
I cherllcli finds, in crystals of the same form, the 
T of crystallisation is the same in quantity. 




I) Technlcallr, 
(K TedmlcaUr, Ii 





When we eay that water, by running- do«-n a slope, 
or a stone by falling from a height, obeya ihe i.4w 
of attrfuitioQ ; or that needles of ice, shooting iu mul- 
titudinous branches over a pane of glass, obey the 
LAW of polarity, we do not thereby siipjiose the 
stone or the ice to possess a will, or that Ihey have 
the power to break or disobey the law ; but simply 
Ibat Ihey ao act, when certain lawa compel their obe- 
dience ; and consequently the term law refers in these 
cases more to the observer than to the phenomena 
observed, — an imperfection of language such as often 
occurs in science, but which can seldom be remedied. 
What I here terra laws, then, are merely generalisa- 
tions of facts, derived from eipterimenlH, and induc- 
tiona therefrom, some of which are of great imporl- 
f^aee, and will require the careful study of the begin- 
I shall consider them under the two heads of 
rence and Proportion. 



D inesistible propensity in the human inind t{ 
e life and even thinking, Co things which neither 



live noi think'. This has been earned even into the 
htgheal branches of science, and we cannot well ex- 
plain the chemical laws, under consideration, witlioat 
aupposin^ all chemical eabstHncea to have their pecu- 
liar likings and dialiklngs for each other, so as to 
itetermine them to associate, or to separate. The 
beginner, however, must not suppose thut in using 
such figurative terms, we really mean that iron, water, 
or air can possess likings or dislikings similar to our 
own. We employ the terms, because we cannot find 
others so clearly expressive of the facts. 

Sume chemical substances, then, show a very marked 
preference of each other, and no less a marked anti- 
pathy to some other BubBtanci;s, as miu;h us a brood 
of chickens will keep close to their mother and will 
I acilttle away for tear of a kite. The chemical prefe- 
n question are observable between sulistances 
e or similar, and between substances that are 
ar, each of which I sliall now consider. 



f Pr^ennfti belweett Subitancei tlie same or nmiiar. 
» In eonseqiience of what I have termed the 
snce between the same substances' Ihut a piece 
I t;an be drawn out into wire, and that gold can 
C beat into leaves thinner than tissue paper, and 
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ftat quicksilver poured upon a. table will run bto 
little globules, like dew drops, without any Beparatioti 
of their particleB, which pr^tr to remain united, 
and strongly resist being separated. In some sub- 
stances, the particles have a stronger preference than 
in others, and upon this, tog-ether with the arrange- 
ment of these particles, arising I'rom their polarity, the 
important quality of stren^h in the materiuls used 
for building and other purposes, wholly depends ; h 
subject first investigated scicntificaUy by Mu9(:hen- 
broek. It was proved, for instance, by Emeraon, that 
an iron rod an inch square will bear a weigbt of 
76,400 pounds, while a square inch of lead will only 
bear 430 pounds i Captain Brown again found that 
IS,Sfia pounds will tear asunder an inch square of cast 
iron i and Mr. Barlow, that a square inch of box wood 
(rill hear about 20,000 pounds' weight, while a square 
inch of mahogany will only bear BJMO pounds.' 

Sir Gilbert Bkne found that the muscle which 
bends the thnmb, taken from a man live hours after 
death, and before it was stiff or quite cold, bore Sd 
before it gave way ; in the Uving subject it 
n some eases bear the double of this. 
great opponent to this union of substances 
preference is heat ; for by insinuating Itself be- 
tween the particles, it pushes them asunder ; and when 
increased, as we have already seen, to a certwn 
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degree, it will, in a great measure, di^'oin ttiem. Ho- 
chaniual means, however, are most usually had recouiae 
to, when it ia requisite to separate purticles thus 
united b; preference, and hence the ctiemiat uses the 
hamiuer, the file, the pestle and mortar, and olher 
similar contrivances. 

When the particles of substances ha\e been dis- 
jmned by heat, they may, in some caaes, be jconed 
again by taking away the heat, as in the instance of 
steam condensed into water. When the di^unction 
has been mode by mechanical means, it is difficult to 
reunite them, not from their losing the power of pre- 
ference, — this never liappens, — but from its not bdng 
euy to bring the preference into play, in consequence 
oftkc oppondon from heat. If this can l>e overcome 
ISKrGtces be broi^ht auffidently near, the pre- 
' nte almost as strongly as before the 

tUa way, two leaden bullet^ having 
of a qoarter of an inch across, if 
, will, upon being strongly pressed 
K preference, that is, they will 
a force, which will sometimes 
, bundred pounds' weight to over- 
(hops of quicksilver lie placed 
. pushed gently till they mutually 
drop; but,if previously 
not unite, because tlie film of 

of their preferencf^ as 
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Preferences between dissimilar Substances, 

The particles of one substance frequently show a 
marked preference in associating or combining with 
the particles of a different substance, a circumstance 
which produces many results of great interest I 
h&ve already stated that an alkali will turn a vegetable 
blue colour to green, and an acid will turn it red ; but 
n^en an alkali and an acid, having a mutual prefe- 
rence, ^ combine and form a salt, this salt will not 
change the blue colour either to red or green, and will 
not taste either acid or alkaline. 

It was the opinion of .the older chemists that the 
particles of acids and alkalies were of different form, 
though each were held to have sharp points, which, 
by insinuating themselves into interstices, formed the 
compound substance, that from this arrangement of 

the points did not taste acid or alkaline. 

c 




BmreBentatlon of the supposed figures of particles :— a, parti- 
cle of add t 6, particle of alkali ; c, these combined in a salt ; d, 
d;^ the union of the particles of alkali in ujnright lines ; 0,e,tf, 
Oa union of tbe particles of add in circles. 



(I) Teebniadly, 4finUy <a Elective attraction. 

K 
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This notion, however, is altogether fanciful, and 
might be disproved, if it were worth the trouble, by 
many circumstances. It will be more advantageous 
to illustrate ascertained facts. 

The preference between dissimilar particles can 
only be shown when they are minutely divided, and 
seldom unless one or both substances be fluid or gase- 
ous. An instance of two dry substances combining, 
occurs in taking some sugar of lead^ and some zinc 
combined with sulphuric acid' both in fine powder, 
which being rubbed together in a mortar, will form a 
fluid. An instance of the combination of gaseous 
substances occurs in mixing the gas of ammonia vnth 
hydrochloric acid gas^. This is easily done by putting 




Experiment of two gases forming a solid ; — a, glass with sal am* 
moniac and quick lime j d, the atnmoniacal gas disengaged; 
Cy glass with sal anmioniac and sulphuric acid ; </, the hydro^ 
chloric acid gas ; e, dense fumes of sal ammoniac formed. 



(1) TecYutticaSiy, Acetate of lead, 
(a) TechnicaSVy, Sulphate of sAnc* 
(3) Formwly, Mutioklc add gw 
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some sal ammoniac into two wine glasses, and into one 
put a little qoick lime, and into the other sulphuric 
acid, when the lime will disengage the ammonia, and 
the sulphuric acid will disengage the hydrochloric 
acid gas. Now hring the glasses so that the two 
gases may intermingle, when thick white iumes will 
fonn and &11 down in form of sal ammoniac. 

The compound substance resulting from the union 
of two dissimilar substances, is, as I have already 
shown in numerous instances, totally different from 
either of die constituents. If we add, for instance, to 
common hartshorn, which is water containing ammo- 
mt^ and of a very pungent odour, a quantity of con- 
centrated hydrochloric acid, which is also of very 
pungent smell, the sal ammoniac thus produced will 
haTe no smell. If again we dissolve a little of the 
compound of potass and hydrocyanic acid' in a glass 
of water, and add to it some copperas dissolved in 
water, though both these fluids are without colour, 
they will, on uniting, produce the bright deep blue 
called Prussian blue. By adding some infusion of 
galls to the solution of the copperas^ though both are 
nearly colourless, a deep black will be produced, 
which is common writing-ink. 

The most striking law, however, of chemical pre- 
ference in dissimilar substances occurs in cases where 
two or more substances leave such as they have been 

(I) Tedmically, Hpdrocyanate of potass, formerly, Prussiate of 

(2) Technically, Sulfkatt af vtwi. 
k2 
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previously combined with, in order to unite witi 
others, showing that our term preference is sometlmij 
nearer thp fact than a mere %uratiYe expression 
This may be well shown by pouring some nitric iuu< 
upon a bit of copper, such as a clean penny piece, ii 
a glass, when the acid will combine with the coppei 
in form of a fine blue liquid. The acid, howevei 
prefers uniting with iron rather than with copper, aiu 
if a bright knife be dipped into the liquid, part of tb 
acid will combine with the iron, leaving the coppe 
on the surface of the knife, which will appear to b 
no longer iron, but copper. 

Bergmann was amongst the first to give the pn 
ceding explanation ; but it is not by any meai 
strictly accurate, for so many circumstances are to h 
taken into account, that it would be wrong to assei 
generally, that of three substances, as in the precedin 
example, two show a preference of combining, to tl 
exclusion of the third. For example, when a streai 
of hydrogen gas is passed over the compound of iro 
and oxygen,' heated to redness, the oxygen leaves tl 
iron to combine with the hydrogen, and forms watei 
but if this water is converted into vapour, and agai 
passed over the red-hot metallic iron, now deprive 
of oxygen, the oxygen leaves the water and combin 
with the iron. Notwithstanding this, however, it 
found, in practice, to answer very well, in most case 
to trust to certain tables originally drawn up fc 

''II 
(I) TecbmcftWy, Oalde of won. 
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Bergmann and Geoffroy, exhibiting the preferences 
of a great number of substances, and upon this prin- 
ciple indeed is founded the whole doctrine and prac- 
tice of test8>* which is so highly important. 

It was a contrivance of Bergmann to show the 
process of chemical preferences in form of diagrams, 
in the following manner. Let a portion of chalk or 
marble, which is composed of carbonic acid gas, and 
lime, be put into a glass tumbler, and some sulphuric 
add poured over it. The result will be, that the lime, 
preferring the sulphuric acid, will go to it, and form 
plaster of Paris, or gypsum, while the carbonic acid 
gas will be set free and escape. Mr. R. Phillips in- 
geniously prints the results in italics, thus : — 

Carbonic acid gas. 
Chalk o r Carbonic acid 

and Sulphuric acid. 
Lime. 
Oypsum, 

When more elements enter into the compounds of 
substances whose preferences are to be tried, the force 
of the preferences may be represented by numbers. 
Kirwan proposed the term quiescentf to express pre- 
ferences^ already shown by an existing combination ; 
and diveUenty to express preferences ^ shown by seiz- 

(1) Thia wiU be taken up in the "Alphabet of CHKMicAf. 

(2) Technically, Quiescent affinity, 
(3) Technically, Divellent oj^nity, wYdch\xiouft%coJ»^&^^^^- 
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ing and separating the constituents of quiescent < 
pounds ; but these tenns are liable to lead to e 
In the case of the compound of potass and sulpl 
acid ', if it be required to separate the acid iron 
alkali» and lime be added with the intention of un 
with the acid, the intention will . be in vain, a£ 
preference which, as proposed by Dr. Henry, mt 
numbered 8, is greater between the sulphuric acic 
the potass, than between that and the lime, which 
be numbered 6. Nitric acid, again, numbered 7, 
be equally insufficient ; but by combining the i 
acid with lime^ whose preference is numbered 4 
adding it to the compound numbered 8, we hay 
which is less than 7 added to 6, by 1 ; and h 
the original preferences will be overcome by a 1 
of one, as in the following diagram. 

Orig:inal. 



RKSULT. 

Compound of 

Nitric Acid and 

PutuM. 



Compound of 
Potass OD cmd Sulphuric Acid.>^ 

g 

D 



7. Divelleut S Preferences, 6—13. 
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(1) Technically, Sulphate of pot OKS. 
(2) Technically, Nitrate <tf lime. 
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The results then will be gypsum ', composed of 
lime and the sulphuric acid, originally united with 
the potass, and a compound of the potass thus set 
free with the nitric acid " originally united with the 
lime. 



LAWS OF CHEMICAL PROPORTIONS. 

HoMBERO and Bergmann seem to. have been the 
first chemists who attempted to determine the consti- 
tuents of salts and other compounds with respect to 
their relative quantities^ ; but they had no notion of 
these constituents being in any constant proportion as 
to weight or bulk. 

The German chemist, Wenzel, in 1777, was the 
first to get a glimpse of the doctrine of chemical pro- 
portions, from observing a singular circumstance in 
such cases of decomposition as the one in pag« 1 34 
above, in which the two neutral salts form exactly two 
other neutral salts, without excess or the contrary of 
any of the constituents. That is, supposing there 
were in the case referred to, of 

Parts by Weight, 
Nitric add .54 

Lime . . . 28 

Making the compound . 82 

. - - - 

(1) Technically, Sulphate of lime. 

(2) Technically, Nitrate of potass. 

(3) Technically, 'or rather pedantically. Quantitative analysis. 

t^nalysis is from the Greek Ai'oAuw, '« I unloose," or " resolve," 
toeax4ng, unloosing or resolving. 
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And of Parts bff Weight. 

Potass . . 48 

Sulphuric add . . 40 

Making the compound . . 88 
There would result, from the decomposition, the fol- 
lowing, namely, of 

Parts by Weight. 
Nitric acid . .54 

Potass . . . 48 

Making the compound . 102 

And of 

Sulphuric acid . . . 40 

Lime . . .28 

Making the compound . . 68 

the sum of the original numbers 82 added to 88 
being exactly 160, the same as the sum of the result- 
ing compounds, 102 added to 68, equalling 160. This 
important discovery of Wenzel, however, was quite 
neglected, till similar researches were still farther 
followed up by Richter, who published several illus- 
trations thereof, in 1792, at Breslau, but he wanted 
the accuracy of Wenzel, wrote mystically, and from 
these and other causes, little notice was taken of his 
labours. 

Important Discovery hy Dalton. 

Mr. Higgins, of Dublin, in 1789, stated, that in 

pure sulphuric acid every single particle of sulphur is 

combined with two particles of oxygen, and he rea- 

loned in the same way respecting water, though h^ 

ridently was unaware of the importance of these 
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views ; but, like what was publbhed by Wenzel and 
Richter, this statement attracted no notice ; and Mr. 
Dalton, of Manchester, does not appear to have been 
aware of any of these publications when he began his 
researches. The first public notice of Dalton's views 
were given by Dr. Thomson, in the third edition of 
his System, in 1807, obtained, in 1804, from convers- 
ing with Dalton himselt who, in 1808, published his 
own account of his doctrine in his Chemical Philo- 
sophy. It will be most convenient for my present 
purpose to give the results of the investigations to 
which Dalton's views have led, rather than to trace 
thar development in the order of time. 

Dalton is of opinion that the minute particles or 
atoms of all simple substances are indivisible, which is 
probable, but by no means proved, and of a round or 
globular form, for which he has invented certain sym- 
bols, the better to simplify his doctrine * of propor- 
tional combinations, thus — 

O Oxygen. ® Nitrogen. 

Hydrogen. Carbon. 

When there is a twofold ^ combination of any of 
these, he accordingly represents it by the symbols of 
the constituents, as in the case of ^^'ater and ammonia, 
which are composed of — 

s sx \ ° « -•■"■ 

© Hydrogen.) _ ^ . 

S) Nitrogen, j ^ ® Ammonia. 

(1) TechnicaJly, The Atomic Theory. 
(2) Technically, Binary. 
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When there is a threefold * combinatioii, he repre- 
rents it as in the case of carbonic acid and ether, 
thus — 

O O Oxygen > 
• Carbon S ^ • O Carbonic Add. 

# Carbon ^ _ ^^, 

\. r^ C e O • Ether. 

O Oxygen 3 

When there is a fourfold ^ combination, he repre- 
sents it, as in the case of oxynitric acid, thus— 

O O O Oxygen > O O O Qxynitric Acid. 
^ Nitrogen 5 O 
When there is a fivefold ^ compound, he repreients 
it, as in the case of nitrous acid, thus — 
O O O Oxygen ^ O ^ ^.^^^^ ^^.^ 
Nitrogen J O 

When there is a sixfold * combination, he represents 
it, as in the case of spirits of ^ine *, thus — 
O Oxygen f % q ^ 
'2) Hydrogen > «> m /;\ Spirits of Wine. 
^ ft tf Carbon ) 

When there is a sevenfold • combination, he repre- 
sents it as in sugar, thus — 

(^ Hydrogen ^ ^_ 
O O Oxygen ^ JU Sugar. 
• ■• • # Carbon 3 ^^ 

; 1 ) Technically, Ternary. (2) Technically, Qvaiemarp, 

(3J Technically, Quinquenary. 

(4) Technically, Sextenary. 

(5) Technically, Alcohol^ an Arabic word. 

((J) Technically, Septenary. 
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Tbe coDstituciiU of a compound become, b; this 
umple method, apparent at sight. Berzehus has 
employed letters for the same purpoae, and the idea 
is good, as aA'ording taciliticB for algebraic calcula- 
tion ; but unfortuttately the mode, in which Benelius 
emjiloy^ hw letters, violates all the roles of algebra, 
as has justly becti remarked by Profeisor Whewell, 
who, following the eiiample of Sir John HerscheU, 
has proposed a set of symbolical letters free trom the 
faolt of Berzelius. 

It having been thus shrewdly conjectured by Dal- 
ton, and since fully proved by himself, by Dr. Thom- 
sun, and others, that besides combining particle to par- 
ticle singly, one particle of oxygen may combine with 
2, 3. 4. or more of hydrogen, of carbon, or of other 
SubsUncea, and hence those proportions become a mat- 
ter of interesting calculation, lo determine the relative 
weights of the several particles. In the cose of water, 
for example, it is found that it is composed of one par- 
ticle of oxygen and one particle of hydrt^en j but 
when the weights of these are taken, it is farther found 
that the oxygen weighs eight times as much as the hy- 
drogen, Dalton, accordingly made choice of the num- 
ber I to express the relative weight of hydrogen, 
which is the lightest substance known ; and though 
he did not succeed in esactly determining the relative 
weight of oxygen, it has since been proved by Dr. 
Thomson, to be exactly 8, It hence becomes one of 
the most important things in chemistry to determine 
the weight of a particle of every simple a\iV*Vwu4ft »3. 
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compared with a particle of all the olheraimple sub- 
glances, for when thU has been done, the results of 
eiperimeDts may often bo anticipated, and discoveries 
of the highest interest inuy be cITected. 

It is unfortunate for science, that the most eminent 
chemistB have not agreed in adopting the same series 
of relative numbers, I nstead, for instance, of raahtt^ 
hydrogen I, ae is done by Dalton, Dr. Wollaston make« 
it I. 25andosygen 10; Dr. Thomson makes oxygen I 
and hydrngpen 0.126 i and Berzeliua makes oxygen 
100 and hydrogen 12.5. This, however, does not m 
any way affect the proportional weight of a panicle 
of oxygen being eight times heavier than a particle of 
hydrogen. I think it preferable to adhere to Da!- 
ton's proportions, adopted by Henry, Turner, R. Phil- 
lips, and others, as more convenient and perspicuoos 
by avoiding iiactional parts. 

The proportions then, of the constituents of any 
compound, are always the same, and cannot be altered 
by adding more of any of these constituents. Sul- 
phnric acid, for example, is always composed of ex- 
BcUy sixteen parts by weight of sulphur and twenty- 
four parts by weight of oxygen, these twenty-finjr 
parts being formed of three particles of oxygen. 
When one of these particles of oxygen is abstracted, 
the character of the compound is changed, and we 
have then sulphurous acid coiopoaed of sixteen parts of 
sulphur and sixteen parts of oxygen. These several 
numbers, it may be remarked, are altvays mutually 
proportional, and were hence, by Dr. Wollaston, 
L termed Ilqtiivaien, 
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M. Gay^Lusiods Discovery, 

The previous laws of proportional combinations 
refer to the relative weight of the combining parti- 
cles ; but very soon after the publication of Dalton's 
views, in 1808, it was discovered by M. Gay-Lussac, 
that similar laws occur, at least with respect to gases, 
in the proportional combination of their bulks or 
measures, or, as he termed it, their volumes. Accord- 
ingly he found, in conjunction with Baron Humboldt, 
that water is composed exactly of one measure of 
oxygen and two measures of hydrogen ; and M. A. 
Berthollet found that ammonia is composed exactly 
of one measure of nitrogen, and three measures of 
hydrogen. 

M. Gay-Lussac farther discovered that in such 
combinations there is a diminution in bulk, which is 
also regulated by the laws of proportion. In the case 
of ammonia, for example, instead of the one measure 
of nitrogen, and the three measures of hydrogen, 
forming four measures, they contract in bulk, by 
uniting, and form only two measures ; and in carbo- 
nic acid, formed of one measure of oxygen, and one 
measure of the vapour of carbon, they contract to 
one half, and form only one measure of carbonic 
acid. 

The representations which Mr. Dalton has given of 
three of the gases as figured on the next page, will aid 
the conception of the beginner in comprehending 
some of the preceding views. 






1 
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TERMS AND LANGUAGE » OF CHE- 

MISTRY. 



The brilliant discoveries in chemistry, which rapidly 
succeeded one another towards the end of the last cen- 
tury, rendered it indispensable to invent names for the 
substances which had not been previously known ; 
and at first more than one name was given to several 
of the new substances by different chemists. To 
prevent the confusion inseparable from such diifer- 
ences, it occurred first, as it would appear, to M. Guy- 
ton de Morveau, to proceed in forming such names 
upon a regular system, and upon such principles he 
gave a public course of lectures in 1780. Seven 
years afi^r this, having submitted his views respecting 
chemical terms to the French Academy, they ap- 
pointed Lavoisier, Berthollet, and Fourcroy, to exa- 
mine it and draw up a report of it, which has since, 
with few alterations, been universally adopted. 

Discarding the terms formed on the principles of 
Stahl's doctrine of phlogiston, they adopted, as we 
have before explained, the terms oxygen, hydrogen, 
and nitrogen, for the three newly discovered gases, 
and though recent discoveries render some of these 
at present not quite so appropriate, nobody would 
now dream of changing them. The French chemists 



(1) Technicallj, Nomenclature, from the Latin, nofneut " a 
ataa^''Mnd " caiare,** to call. 
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made choice of certsun terminations added to these 
words to- express their several combinations with 
others, and similar terminations to other simple sub- 
stances, with the same view of incticating their com- 
]:>osition at sight When oxygen accordingly formed 
an acid by uniting with another substance, the name 
of that substance was terminated in tc, as in sulphuric 
acid, composed of sulphur and oxygen ; nitric acid, 
formed of nitre and oxygen ; and phosphoric acid, 
formed of phosphorus and oxygen. When the oxy- 
gen was in smaller proportion, the termination ous 
was used, as in sulphurot/^ acid, nitrcm^ acid, and phos- 
■phorous acid. 

When these acids united again with an alkali or an 
alkaline earth, the termination ic was changed to tUCf 
as in sulphate of soda, nitrate of lime, phosphate of 
potass ; while the termination ous was in the same 
way changed into ite, as in sulphide of potass, formed 
of sulphurous acid and potass. 

When the oxygen combined with any metal or 
other substance without forming an acid, the terminal 
tion ide or yde was used, as in oxide or oxi/de of iron, 
and this termination ide is now used for combinations 
of chlorine, iodine, bromine, fluorine, and cyanogen 
with other substances. 

The termination uret was used to express the com- 
binatlon of non-metallic substances, either with one 
another or with metallic oxides, as in svUphuret of 
iron, carbz^rc^ of iron. Upon this principle, then, we 
can either say phosphwet oi \odme, <ix \odurcf of 
Dliofphonis. 
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^^ The doctrine of proportional combinations has in- 
troduced still greater precision into this excellent 
fonnalion of t«ncis. In the instance o( salts, when 
neither the acid nor alkiJi were in excess, they were 
termed neidral, as in sulphate of magnesia ; but if the 
acid waa in excess, the term ii^er, hyper, or per was 
plai:ed before it, tti prrsulphate of mercury. On the 
Other band, when the acid was deficient, and the baee 
in excess, the term tui or hypo was placed before 
it, as juAinlphate of potass. The same terms ruper, 
per, and rub, were, and still are, sometimes prefixed 
to oxiAs, chlorides, and other terms for compound 
substances, aB^mi:hloride of mercury, to indicate the 
highest proportional of the substiuice known to enter 
into combination. 

These terms, however, are rapidly giving place, at 
least in the older and more vague sense, to those 
indicating numbers, namely, detdu,litt, or bi for two; 
ter for three ; quater or quadra for liiur, and the hbe, 
applied to two, three, or more pioportionals of acids ; 
and Dr. Thomson proposes, dis, tria, and tHralni, &c, 
to Mgnify two, three, or more proportionals of a base. 
Thus, what was formerly termed jxTSulphate of potass 
is now iieulphate of potass. What was formerly 
Tupcroxalate of potass, is iinoxalate of potass. What 
wai formerly pcroxalale of potass, is i 
oxalate; and what was formerly luisulphate of alu- 
mina, is now lAsulphate of alumina. When there is 
no prefix, the compound is formed of two propoT- 
^nals oiuy, aomerimes expressed by the prefix prof o, 
ut proiusulphate of iron, The prefix *f«qw, wtucli 



1 
I 
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means one and a half, is used when the relative pro- 
portion of one of the constituents is one and a half* 
as in gesqtdcQxhonaXe of potass. 

" To distinguish," says Dr. Thomson, "the combi- 
nations of what are called sulphur acids, &c., from 
alkaline basis, I have of late made an alteration in the 
terminations of the old word suiphuret, employed to 
denote the combination of sulphur with a base. Thus 
sulphide of arsenic means an acid formed by the union 
of sulphur and arsenic ; sulphuret of copper means an 
alkaline body formed by the union of sulphur and 
copper. The term sulphide implies an acid, ihe term 
sulphuret a base. This mode of nammg has become 
necessary, as without it many of these new salts could 
not be described in an intelligible manner." 

The structure of these terms will, however, be bet- 
ter understood by going over the simple substances 
and some of their combinations, to which I shall both 
add the numbers expressing their proportional weightfi, 
afler Dalton's and Thomson's principle, and the alge- 
braic symbols of Sir John Herschel and Professor 
Whewell, as they are so much preferable to those of 
Berzelius, which, however, I have also given. 



SIMPLE SUBSTANCES. 
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E SUBSTANCES, WITH THEIR PROPORTIONAL 
WEIGHTS AND CHIEF COMPOUNDS. 



le substances are printed in Roman small capitals, as Carbon ; the 
impounds in Italic small capitals, as Cyanoqbn.Potass; and the 
! compounds in small italics, as Peroxide of OoUL, The propor- 
its are taken from the best and most recent authorities — Thomson, 
rumer, Ure, Gaj Lussac, Rose, and others. I have added to 
nbols Uiose for Chlorine, Iodine, Bromine, Boron, Selenium, and 
hich I am not aware that Dalton himself has hitherto symbolized, 
ifficulty of compressing them into a small compass, I have not 
Dalton's symbols for the subordinate compounds, but they may 
onstructed in any required case from WheweU's formulae. In the 
ibers varying from different authorities, I have given, as in Phos- 
in one column and another in another. 

SIMPLE SUBSTANCES. 



SYMBOLS. 



N 



Dalt. 



O 



cidcs, 
rater. 

EN 

rates, 
and 

CN, 

loxy- 
s ni- 
1 ni- 

NB 

lo- 

chlo. 

along 

'"' / 
iteaJ 







® 







Whewell. 



n 



el 



Berzelius. 



O 



H 



N 



CI 



PROPORTIONAL WOT. 



Oxygen 8. 



8 



14 



36 



Oxygen l 



I 



0-125 



1-75 



45 






L^ 
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NAME. 


STJiBOLS. 


PROPORTIONAL 


Iodine 

Forms iodides 
and iodurets, 
and along with 
oxygen, forms 
iodates. 


Dalt. 

© 


Whewell. 


Berzelias. 


Oxygens. 


Oxyi 


to 


I 


124 


15. 


Bromine 


© 


br 


Br 


78.26 


9 


Forms bromides 
and bromurets, 
and along with 
oxygen, forms 
biomates. 












Carbon 


• 


c 


C 


6 


0- 


Forms carbu- 
rets, and along 
with oxygen, 
forms carbon. 

ates. 






4 


k 




Boron 

Forms borates, 
and forms, with 

chlorine, 
Chloride ofB, 





b 
b-t-cl 


B 
Cl 

B2a 


8 

36 
44 


1 

4 
5 


Sulphur 

Forms sulphur. 
ets, and along 
with oxygen, 
forms sulphates 
and sulphites. 


© 


8 


s 


16 


2 


Phosphorus 

Forms phosphu- 
rets, and along 
<rith oxyiren, 
"vuphos. 
^•ndpliog. 


® 


P 


p 

\ 


15-71 

\ 


1 

\ 
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vm. 


SYMBOLS. 


PROPORTIONAL WOT. 




Dalt. 


Whewell. 


Berzelius. 


Oxygen 8. 


Oxyg^en 1. 


SMIUM 


® 


se 


Se 


40 


5 


seleniu- 
id along 
cygen, 
deniates. 












ORINE 


® 


fi 


Fl 


18-86 


2.25 


luorides, 
Qgmth# 
, fonus 












TOOBN 


M* 


2 c + n 


2Nc 


26 


3-25 


cyamdes 
murets, 
Qgwith 
, forms 




• 








8. 










METALS WHOSl 


METAL 

B OXIDES ARE REDUC 
BY A RED H 


;iBLE TO TB 
EAT. 


E METALLIC 


STATE 


OLD 


® 


au 


Au 


200 


25 


) with 
gen, 
ride of 

vide of 


o 




au-i 
au + i 



2Au 
2Aa 


8 

208 
216 


7 
26 
27 


\deofG, 




au-t-S 


• • • 

2Au 


224 


28 


s with 

jrine, 

hhride 

• 

1 


e 


cl 
au^-cl 


Cl 


36 


4*5 



\ 
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TERMS OF CHEMIBTRT. 



NAXS. 


8TMBOL8. 


PBOPORTIOVAL WOT. 


Per chloride of 


Dalt 


Wtaewell. 


BeEielias. 


Oxjgen 8. 


Oxygenl 




•• 






G. 




au -f- 2 c/ 


Au2C12 


272 


34 


Forms with 


>TV 










Iodine, 


© 


to 


I 


124 


15.5 


Iodide of G. 




au+to 


Au2I 


324 


40.5 


Forms with 


^■^ 










Sulphur, 


© 










Sulphuret of 












G. 




au+Bs 


Au2S 


216 


27 


Platinum 


® 


Pt 


Pt 


96 


12 


Forms with 


,^^ 










Oxygen, 


o 





O 


8 


1 


Protoxide of 












P. 




pt + o 


2Pt 


104 


13 


Deutoxide or 












Peroxide of 






• • 






P. 




pt + 2o 


2Pt 


112 


14 


Forms with 













Chlorine, 


ol 


CI 


36 


4.5 


Protochloride 






• 






of P. 




pt+cl 


Pt2 CI 


132 


17.5 


Bichloride of 






• • 






P. 




pt+2cl 


Pt2 CI 


168 


21 


Forms with 


e 










Sulphur, 










Sulphuret of 












P. 




pt+i 


Pt2S 


112 


14 


Hydrosul- 






• 






phuretofP, 




pt+si-wa 


Pt2S2H 


121 


15-25 


Forms with 












Phosphorus, 


© 


P 


P 


15.71 


1.6 


1 Phosphtvretcf 










P. 




pt^p 




111.5 


13.5 


SiLTKR 


(D 


Off 


Ag 


110 


13.7« 


ma with 





\ o 


\ . 


V- 
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MM. 


SYMBOLS. 


PROPORTIONAL WOT. 






Dalt. 


^eweU. 


Berzelios. 


Oxyg^enS. 


Oxy^n 1. 




of S, 
ideofS. 




ag+o 


2Ag 
2Ag 


118 

114 


14.75 
14.25 




IS with 
orine, 
\de ofS. 


e 


cl 
ag + cl 


Cl 
Ag2Cl 


36 
146 


4.5 

18-25 


• 


18 with 
dine, 
' of S. 


© 


to 
Off + to 


I 
Ag2I 


124 
234 


15.6 
29*25 




18 with 
phur, 
uret of 


® 




ag + s 


S 
Ag2S 


16 
126 


2 
15.75 




8 with 
phonis, 
huret of 


® 


P 
ag+p 


P 
Ag2P 


15.71 
125.71 


1.6 
14*25 




8 with 
logen, 
iret of 




2 c+» 
ag + 2 c+n 


2 N C 

Ag2NC 


26 
136 


3.25 

17 




RCURY 


O 


hff 


Hg 


200 


25 




8 with 
ygen, 
nde of 


o 




hg+o 



2Hg 


8 
208 


1 
26 




ide of 

1 




hg + 2o 


2Hg 


216 


27 




8 ivith 

orine, 

chloride 

vride or 
chloride 

■ft 1 





cl 
hg+cl 

hg+2cl 


Cl, 
Hg2Cl 


15.71 
236 


1.5 
29.5 


k 



pulvly Jled precipitate, t PopulaxVy Ciimabaar ox Vrrav^^^w, 
t Popularly Calomel. 
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TERMS OF CHSMISTBT. 





NAME. 


SYMBOLS. 


PROPORTIOMAIi WOT* 






Dalt. 


Whewell. 


Bcii^elias. < 


DxygreD 8. 


Oxygen 1. 




Forms with 












Iodine, 


© 


to 


I 


124 


15.5 




Projtiodide of 




• 








M. 




hff+io 


Hg2I 


324 


40.5 




Biniodide of 






• • 








M. 




hg + 2io 


Hg2I 


448 


56 




Forms with 














Sulphur, 





8 


S 


16 


2 




Protosidphiir 


^•^ 




• 








ret of M, 




hg-\-8 


Hg2S 


216 


27 




Bisulphuret • 






• • 








ofM. 




hg+29 


Hg2S 


232 


29 




Forms with 














Cyanogen, 


•«• 


2c+n 


2NC 


26 


3.25 




Cyanuret of 














M. 




hg+2c + n 


Hg2NC 


226 


28*25 




Palladium 


® 


pd 


Pd 


56 


7 




Forms with 














Oxygen, 


o 








8 


1 




Protoxide of 






• 








P, 




pd-k-o 


2Pd 


64 


8 




PeroxideofP. 




pd-k-^o 


2Pd 


72 


9 




Forms with 














Chlorine, 





cl 


Cl 


36 


4-5 


I Protoehhride 






• 






1 


qfP. 
Bichloride of 




pd+el 


Pd2a 

• • 


92 


11*5 




P. 

Forms with 




pd-i'2ol 


Pd2C31 


128 


16 




Sulphur, 


e 


8 


S 


16 


2 




Sulphuret of 












P. 




pd-^8 


Pd2S 


72 


9 


Rhodium 


@ 


rh 


R 


44 


5-5 









\ o 




\^ 



FopvOAXiy. CorrotlM Si«l»Utn«te. 



■ETAL8. 
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B. 


SYMBOLS. 


PROPORTIONAL WOT. 




Dalt 


Whewell. 


BerzeUns. 


Oxygens. 


Oxygen 1. 


de of 




• 










rh+o 


2R 


52 


6-5 


UofR, 




rh-i-2o 


2R 


60 


75 


"with 












fine, 





cll^ 


Cl 


36 


4.5 


\lor%de 


^--^ 


'm 












rh+cl 


R2C1 


80 


10 


hlo- 












7fR. 




rh + icl 




98 


12-25 


lUM 


© 


• 

tr 


It 


30 


3.75 


with 


^ 










jen. 


o 








8 


1 


deofl. 




ir+o 


2ir 


38 


4.75 


leofl. 




m 

tr+2o 


• • 

2Ir 


46 


5.75 


i with 












rine, 


e 


cl 


Cl 


36 


4.5 


e of I. 


ir+cl 


Ir2Cl 


96 


8-25 


with 












liur, 


® 


s 


S 


16 


2 


retofl. 


.!>+» 


Ir2S 


46 


5.75 


[UM 


® 


om 


Om 


99 


12*37 


with 












gen, 











8 


1 


de of 






• 










om-i-o 


2 0m 


107 


13.37 


tide of 
















0)71+ j 




111 


14.87 


Ide of 






• • 










om + 2o 


2 0m 


115 


14.37 


ie of 






• • • 










'0)71 + 3 


20m 


123 


15.37 


leofO. 


i 


Of7l+4 


^Om 


\ \^\ 


W^-^A 


with 1 






I 


\ 


\ 


ae, / 


el 


0/ 


\ Cl 


\ ^^ 


V-^ 
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TERMS OF CHEMISTftT. 



NAMS. 


STMBOLS. 1 


PKOPOKTIOVAL W«. 1 


Protochhride 


Dalt. 


WhcweU. 


Beneiias. 


Oxygens. 


Oxygen 1. 










ofO. 




om + cl 


Om2Cl 


135 


16-87 


Bichloride of 






• ■ 






0. 




<m-^2cl 


Om2Cl 


171 


21*37 


TercMoride of 






• • • 






0. 




om-\-Bel 


Om 2C1 


207 


25-87 


Perchloride 






.... 






OfO. 




om+icl 


Om2Cl 


243 


30.37 


Forms \ntli 












Sulphur, 


X. 

V 1 


s 


S 


16 


2 


Protosulphu- 


V^ 




• 






ret of 0. 




Ofn+« 


Om2S 


115 


14*37 


SesquisulphU' 












ret of 0. 




om+j* 




123 


15.87 


Bisulphuret 






• • 






ofO. 




om+2« 


Om2S 


131 


16*37 


Trisulphuret 






• • • 






ofO. 




om+3 s 


Om2S 


147 


18-37 


Persulphuret 






• • • • 






ofO. 




om+is 


Om 2S 


163 


20-87 


PLURANIUM. 




pi 


PI 


? 


P 


Compounds 












unknown. 




■ 








Rhutenium. 


VJ 


rm 


Rm 


? 


P 


Compounds un- 










known. 1 1 









II. MRTALS WHICH DO NOT ORCOMPOSR WATER, AND WHOSE OXIDES ARl 
NOT REDUCIBLE TO THE METALLIC STATE BY HEAT ALONE. 



Arsenic 

Forms with 
Oxygen, 
'enic acidf 
mious 




ar 

o 

ar+^o 



As 



\ 



\ 



38 

8 
60 



4-75 

1 
7-75 



ta 



\ 



^n^ 



MBTALS. 
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XAMB. 


8TMB0L8. 


PROPORTIONAL WOT. 


ForniR with 


Dalt. 


Whewell. 


Berzelius. 


Oxyg:en8. 


Oxygen 1. 










Chlorine, 


p' 


ol 


Cl 


36 


4-5 


PnOochUmde 


V-» 




• 






qfA, 




ar-}-cl 


A82C1 


74 


8.25 


Forms with 












Iodine, 


© 


io 


I 


124 


16-5 


Iodide of A. 


Xp^ 


ar+to 


I2A8 


162 


20.25 


Forms with 












Bromine, 


8 


br 


Br 


78-26 


9-78 


Bromide of A. 


Vfc^ 


ar-\-br 


As 2 Br 


116.26 


14.53 


Forms with 












Sulphur, 


e 


8 


S 


16 


2 


ProUteulphum 




• 






ret of A* 




a-f* 


As2S 


54 


6-75 


SeequisulphU' 












ret ofA.f 




ar-\-i8 




62 


7.75 


Pereulphuret 












of A, 




<w+J« 




78 


9-76 


Forms with 












Hydrogen, 





h 


H 


1 


0-125 


Arsemuretted 


^■^ 










Hydrogen, 












Chromium, 


© 


cr 


Cr 


28 


3.5 


Forms with 












Oxygen, 











8 


I 


Protoxide of 


\^ 










C. 




er-^o 


2Cr 


36 


4.5 


Chrome add. 




or+jo 




40 


5 


Forms with 












Chlorine, 





cl 


Cl 


36 


4-5 


Protoehhride 


^ta^^ 




• 






qfC. 




cr+ol 


Cr2Cl 


64 


8 


Chioroehromic 












aeidgas. 








\ 


\ 



• Popularly Realgar, 



t Popiilaily OrpimentoT K\tq?%^e\Vwa. 
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TEEMS OF CHBMI8TET. 



NAMS. 


SYMBOLS. 1 


PBOPOBTIOirAL WOT. 


] 

Forms with 


Dalt. 

■ 


Whewell. 


Berzelius. 


Oxygen 8. 


Oxygen 1. 










Sulphur, 


e 


s 


S 


16 


2 


Sulphuret of 












C. 




cr+» 


Cr2S 


44 


5.5 


Forms with 












Phophorus, 


© 


p 


P 


16.71 


1-5 


Phosphuret of 


^^^ 










C. 




cr+p 


Cr2P 


43.71 


5 


Forms with 


^it^. 










Fluorine, 


(D 


Jl 


Fl 


15.86 


2.2s 


Fluochromic 












acid gas. 












Molybdenum. 


@ 


mo 


Mo 


48 


6 


Forms with 












Oxygen, 











8 


1 


Protoxide of 






• 






M. 




mo-\-o 


2 Mo 


56 


7 


Deutoxide of 












* M, or 












Hdghduiaeii 




fiio+2 


2 Mo 


64 


8 


Holpbdoui 






• • • 






aoid. 




mo+3 


2 Mo 


72 


9 


Pofims with 


^^ 










Chlorine, 





el 


CI 


36 


4.5 


rotoohhride 






• 






ofM. 




fno-\-cl 


Mo 2 CI 


84 


10.5 


Bichloride qf 






■ • 




• 


M, 




fno-\-2cl 


Mo 2 CI 


120 


15 


Perchhride oj 


1 




• • 






1 M. 




mo+Zol 


Mo 2 CI 


156 


19.5 


' "R'onns with 


.^■w 










^iihur. 


® 


8 


S 


16 


2 


'^vhu- 






• 






■c. 




fno-\-8 


Mo2S 


64 


8 


^ 




tno-V^s 


y-Mlo*!*^ 


A ^^ 


\- 
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NAMB. 


SYHBOM. 


PBOPOBTIONAI. WOT. 


Tungsten 

Forms with 
Oxygen, 


Dalt. 
O 


Whewell. 


Berzelius. 


Oxygen 8. 


Oxygen l. 


tu 



Tu 



124 
8 


15-75 
1 


Oxide of T. 




ft«+o 


2Tu 


132 


16-75 


Tungstic acid. 




tu-\-2o 


2Tu 


158 


18-75 


Forms with 
Chlorine, 

Bichloride of 
T. 

Perchloride of 


e 


ol 
tu-\-2ol 
tuJt^d 


Cl 
Tu2ci 
Tu 2 Cl* 


36 
196 
232 


4-5 
24-75 
29.25 


COLUMBIUM. 


@ 


cnh 


Cm 


144 


18 


Forms with 
Oxygen, 
Oxide of C. 
or Columbio 
add. 


o 




• 




2 Cm 


8 
152 


1 
19 


Forms with 

Chlorine, 

Chloride of C. 


Q 


d 
ctn-\-d 


Cl 
Cm 2 Cl 


36 
180 


4*5 
22.5 


Forms with 

Sulphur, 

Suiphuret of 

a 


e 




S 
Cm2S 


16 
160 


2 
20 


Forms with 
Fluorine, 
Fluoride of C. 


<j! 


em+Ji 


Fl 
Cm2Fl 


18.86 
162-86 


2-25 
20-25 


Aktiiiony 


@ 


an 


An 


44 


5-5 


Forms with 
Oxygen, 
Protoxide of 
A* 


o 




an-^o 




2A^ 1 


8 
52 


1 

6*5 

\ 



* FormeAj, Powder o/ AlgorotX. 
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TERMS OF CHIMI8TET. 



NAMK. 


STMBOLS. 




PROPORTIOMA& Wm 


Deutojnde of 


Dalt. 


WheweU. 


Beneliiu. 


Oxygens. 


Oxygen 










A* or 












Antimonious] 










acid. 




o»+Jo 




56 


7 


Peroxide of 




m 








A. or Anti- 






• • 






monic acid. 




an-\-2o 


2 An 


60 


7-5 


Forms with 












Chlorine, 


8 


oi 


Cl 


36 


4-5 


Protochloride 




• 






ofA.f 




an+cl 


An2Cl 


80 


10 


Bichloride of 






• • 






A. 




an+2 cl 


An2Cl 


116 


14-5 


Bichloride of 












A. 








124 


15.5 


Forms with 












Bromine, 


® 


br 


Br 


78-26 


9-78 


Bromide of A » 


an-\-br 


An 2 Br 


122-26 


15*28 


Forms with 












Sulphur, 


© 


s 


S 


16 


2 


Protosulphtu 




• 






ret of A. 




an-\-s 


An2S 


60 


7.5 


Sesquisulphu- 












ret of A. 




on+|« 








Bisulphuret 






• • 






of A. 




an+2 s 


An2S 


68 


8-5 


Oxysulphuret 












of A. 




\ 




76 


10.5 


Hydro-oxy~ 












sulphuret 












<ifA.t 








.96 


12 


Uranium. 


® 


ur 


Ur 


208 


26 


1 Forms with 












Oxygen, 











8 


1 


"^rotoxide of 




• 






U. 




ur-\-o 


2 Ur 216 

1 


27 



* By apothecaries, Anttmwwol p<m4«T. ^^ 
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LMK. 



SYMBOLS. 



Dalt. 



vide of 

ms with 
Iphur, 
huret of 

ERIUM. 

ms with 
jygen, 
oaiele of 

oxide df 

ms with 
Iphur, 
huret of 

3MUTH. 

ms with 
Kygen, 
)jnde of 

ms with 
lorine, 
•W« ofB. 

us with 
Dmine, 
ide of B. 

18 with 
Iphur, 
mret of 



@ 



@ 
O 



e 



ANIUM. 

S8 with 



o 







© 



e 






Whewell. 



ur+lo 



ur-\-s 
ce 

o 

ce-\-o 
cc+2o 

s 

ce-\-s 
bi 

o 

ol 

bi+c 

br 

bi+br 



W+5 

H 



Berzelios. 



rROPOBTIONAL WOT. 



Oxygen 8. Oxygen l 



S 

Ur2S 
Ce 

O 
2Ce 
2Ce 



Ce2S 
Bi 



2Bi 

CI 
Bi2Cl 

Br 
Bi2Br 



Bi2S 
Ti 



220 

16 

224 
50 

8 

58 
66 

16 

66 
72 

8 
80 

36 
108 

78-26 
150-26 

16 

88 
32 



27-5 



28 
6-25 

1 

7-25 

8-25 



8-25 
9 

1 
10 

45 
13-5 

978 
18.78 




TSBMB OF CHBIOaTRT. 



N*««. 


.V«BOU. 


»<..0ST>O»^.«. 


PraloiiiU^f 


DBlt 


Whew,ll. 


BeraeLua 


Oijjeh 8 


aij.i> 












T. 




«+0 


2Ti 


40 




Pero^de of 












T. or Tita- 












nic OBid. 




/i + 2o 


2Ti 


48 


6 


FonaB H-illi 












ChloriDe, 


© 


cf 


Cl 


3G 


4-G 


Chloride qfT 




li+cl 


Ti2Cl 


68 


8-S 


FonnB with 












Suliihiir. 


© 




9 


16 


2 














T. 




li+s 


Ti2S 


IS 


6 


Tellubiuh. 


9 


le 


Te 


32 


1 


Forma wilh 












Oijgen, 














Oxide of T. 




le+o 


2Tb 


40 


i 














ChloriiiP. 


Q 


ol 


Cl 


36 


4-5 


Chloride Iff T 




le+cl 


Te2Cl 


6S 


8.G 


Forma witl. 












Hvdrog™. 





h 


H 


1 


0.13 


Hydruret of 












T.07 Tellu- 












relMhffdro. 












gen gas. 




U+h 


Td2H 


S3 


4.1% 


Coi-PER. 


® 




Cu 


64 


8 


FarniB nith 












Oiygen, 


o 







e 


1 


ProioTitfc nf 












C. 




cu+o 


2Cu 


72 


9 


Peroxide nf 












C. 




cu+2 


2Ca 


BO 


10 


Toms wilh 












7ftiorinc 


(^ 


cl 


C! 


36 


IS 


K>4/orK& " 


eu\el 


\cM'iC,\ 


\ \»i(S 


\x,.. 
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s. 



I "with 
bur, 

C. 

mret 

with 
loras, 
uretof 

». 

with 
5n, 
le of 

Uof 

^of 

nrith 

ae, 

of 

^th 

L. 

vith 

Q, 
of 

iith 



S7MB0L8. 



Dalt. 



© 



O 



G 



© 



© 



WhewelL 



cw+2 c/ 



cu+29 

P 
cu-\-p 

pb 



pb+o 
pb-\'io 
p6+2o 

cl 
pb-\-cl 

io 
pb-\-io 



pb-{-c 



s 



I P*+* 



Berzelius. 



PROPORTIONAL WOT. 



Oxygens. 



Cu2Cl 

S 
Cu2S 
Ca2S 

P 

Cu2P 

Pb 

O 

2Pb 

2Pb 

CL 
Pb2Cl 

I 
Pb2I 

C 
Pb2C 



Oxygen 1. 



136 

16 
80 
96 

15.71 
79.71 

104 
8 

112 

116 

120 

36 
140 

124 
128 

6 

no 

16 



17 

2 
10 
12 

1.5 

9.5 

13 

1 
14 
14.5 
15 

4.5 
17.5 

15.5 
18*5 

0.7s 
13.75 



J Pb "2^ \ \^Q 



\m\ 



\^ 



f Popularly, Red lead s In Latin» Minium* 



:®; 




P 

I P%2P 



15-71 

119 -71 



m. 



AT A 



"-— • @l 


— 


Mn 


28 


Fonnt witk 










Oxygtn, 


o 


o 


O 


8 


Pr^tOMideof 




• 




M. 




«m+o 


2Mn 


36 


Deuiojeideof 










M. 




■w»+|« 




40 


Perostdeof 










M. 










RedoMenf 






• • 




Jf. 




iim+2o 


2Mn 


44 


VwnMie, 










Fonns with 










Chlorine, 


G 


el 


a 


36 


ChUnide of 








M. 




mn^ol 


Mn2a 


64 


Forms with 










Sulphur, 


® 


9 


S 


16 


ProtottUphu* 








ret qf M. 




mn^8 


Mn2S 


44 


Fonni with 










Phoiphorut, 


® 


P 


P 


15-7 


Phoaphuret 








qfM. 




mn-{-p 


Mn2P 


437 


Fonni with 


^w^. 








Fluorine, 


(J) 


ft 


Fl 


18.8 


Fimrideqf 










AT. 




mn'\-fl 


Mn2Fl 


46.8 



METALS. 
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ts. 



SYMBOLS. 



Dalt. 






3N. 

8 vrith. 
gen, 
•ufe of 

Ide of 

oxide of 

IS vnih 

Diine, 

chloride 

Umdeof 

IS with 

mine, 

vromide 

• 

omide 

p 
• 

IS ixrith 
iine, 
of I. 

IS with 
rbon, 
ret of 

IS with 

phur, 

mlphu- 

ihuret 

NC|| 



O 







© 







® 



Whewell. 



o 
fe-\-o 



cl 
fe+oi 
fe+i cl 

br 
fe+br 



to 
fe-\-%o 



fe-\-c 

9 

t 

zi 



Berzelins. 



Fe 

O 

2*Fe 



Cl 
Fe2Cl 



PROPORTIONAL WOT. 



Oxygens. 



Br 
Fe2Br 



I 
Fe2I 

C 
Fe2C 

S 

Fe2S 

Fe2S 
Zn 



28 
8 



36 



40 



Oxygen 1. 



36 
64 
82 

78.26 
106.26 



]24 
152 

6 
34 

16 

44 

60 
34 



3.5 



4.5 



4.5 
8 
10-25 

9.78 
13-28 



15.5 
19 

075 
3.75 

2 

5.5 

7.5 
4.25 



\ 



idr. Steel, Pig.inm, and block-leod. »3\ ot Ni\i«2si«*«s««~ 



fefient jiroportions merdy. 

iKtiy, CopperoB^ or Qreen FUriol. 

m2 



»*-.. 


.T>.0». 






ItalL 


■Whewell. 


SouUns. 


[tJTBto 8. 


oire«'- 


Fumij wilh 

OlYgm, 

Oxide 0/Z. 


o 


.i + 


O 

3Zn 


a 

12 


l 

5-2i 


- Ponni witli 
Chlniine, 

1 ofZ. 





el 


CI 
2n2Cl 


36 
70 


4-S 
0-7S 


1 Fprnis with 
1 Imiin.., 
! Iodide of Z. 


© 


in 

ri+fo 


ZnSI 


124 
168 


15-5 
19.7i 


' Fonfli with 
1 Bromine, 
. iromidt^Z. 


© 




Br 
Zi.2Br 


78-36 
112-26 


fl-TB 

u-os 


1 Pnnni with 
i 3«]phiir. 
Sulphurelof 


® 


«+, 


a 

ZnSS 


16 

SO 


3 

6.25 


CuxniM. 


@ 


cd 


Cd 


56 


7 


! FnraiB with 
' OiideofC. 


o 


ed+o 




2Cd 


e 

64 




Forms with 

Chliirins. 

Chloride of C 

' Forms «iih 


G 


el 


CI 

Cd2a 


36 
92 


1-E 
ll-i 


ladinr, 
. Iodide Iff C. 


© 




I 

C,!2I 


Z 


15-5 
22'S 


Forms n-itli 
Su1i>1iur, 


® 


J.. 


Cd2S 


IC 

72 


2 


1 Phoi^phoruB, 
J'A^pAurelo/ 


© 




P 


15-71 


I '5 



«». 


>™.o,.». 


fMPO>T,ONAl.W0T. 




DBlt. 1 WhcweU. IlleriEUiis. 


Oiygen s 


Oirecn 1. 


t™. 


® 


™ 


8n 


£6 


r.3B 


mswiih 


o 


g 


O 


8 


^ 


aide of 














™+o 


2 Sn 


fie 




rirfeqf 
















sn+2o 


2 8n 


71 


£1.25 


ms with 












lorine, 


o 


ri 


CI 


36 


4-G 


•chlonde 












T. 




j»+c/ 


Sn2Cl 


S4 


11.75 


bride ^ 
















sn+2e/ 


Sn2ci 


130 


16-25 


nt wtlj 












IphuT, 


© 


s 


S 


16 


2 


™/pl«. 












0/7-. 






Sn3S 


74 


9.2S 


pA«r.i 












T. 




in+2. 


Sn2 8 


90 


11-25 


ii™;pA«- 












^T. 




.»+i. 




83 


I0-2B 


BALT. 


® 


i!i 


Cb 


26 


3.25 


n>mtb 












TBen. 


o 







8 




•mdeof 
















rf+o 


2Cb 


34 


4-25 


Hdeof 
















rf+i 




38 


4.75 


IpC] 


e 


, 


S 


16 


2 














>ifC. 




C4+K 


Cb2S 


43 


6.25 


dphuret 












phitret 












■■ 




ci+2» 


C\)'ii 


\ * 


\ Ifl.'i. \ 



'/g/ 
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TIEM8 OF CHBMI8TET. 



/. 





VAUK» 


SYMBOLS. 


FBOrOBTIOMAL WflT. 




Chloride of a 


Datt. 


Whewell. 


BeneUus. 


Oxygen 8. 


Oxygcu It 




eb-^-cl 


Cb2Cl 


62 


7.75 




Forms with 














Oarhonic acid. 




0+2 




22 


275 




Carbonate of 














C. 




c5+c+2 


1 


48 


6 




NICKEL. 


® 


n 


Ni 


26 


8*25 




Forms with 












Oxygen, 


O 








8 


1 




Protoxide of 




• 








N. 




m-\-o 


2Ni 


34 


4*25 




Peroxide of 














N. 




m+oi 




38 


4*75 




Forms with 














Sulphur, 


e 


s 


S 


16 


2 




Protosulphu. 




• 


/ 






ret ofN, 




nt+« 


Ni2S 


42 


5.25 




Diaulphuret 














ofN, 




nt+3 9 




74 


9.25 




Forms with 














Phosphorus, 


® 


P 


P 


15.71 


1-5 




Phosphuret 














ofN. 




ni+p 


Ni2P 


41.71 


4.75 




IT. METALS 


WHOSE OXIDES FOR 


K ALKALIES 


AND EARTl 


a. 




POTASSIUM. 


@ 


ka 


Ea 


40 


5 




Forms with 


^»*^ 












Oxygen, 


o 








8 


1 




Protoxide of 




• 








P.* 




Ara-fo 


2Ea 


48 


6 




Peroxide of 






• •• 








P. 




ita+3o 


2Ka 


64 


8 


/ Forms with 












/ Cbloriney 
1 Chloride of P. 


G 


cl 
ka-V-ol 


\ ^ 







• CommoDlT. P«*>". « <=«»*• '"*'^ 



METALS. 
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B. 


SYMBOLS. 


PBOPORTIONAI. WOT. 






Dalt. 


WhewelL 


Berzelius. 


Oxygen 8. 


Oxygen 1. 




'With 






• 






ae, 


© 


to 


I 


124 


15.5 




<fp. 


ka+io 


Ea2I 


164 


20*5 




with 














)gen, 


O 


h 


H 


1 


0.125 




wret 


^*^ 












• 




ka^h 


Ka2H 


41 


5.125 




with 














liur, 


e 


9 


S 


16 


2 




\lphu- 






• 








P. 




ka^8 


Ka2S 


56 


7 




\uret 






• • 












Ara+2« 


Ka2S 


62 


9 




>huret 






• •• 








, 




ita+3« 


Ka2S 


78 


11 




suL 






• ••• 








HofP, 




Ara+4« 


Ka2S 


94 


13 




)hi*ret 


















ka^Bs 


Ka 28* 


120 


15 




with 
lorus, 


® 


P 


P 


15.71 


1-5 




uret 


















ka^p 


Ka2P 


5571 


6*5 




JM. 


® 


na 


Na 


24 


3 




with 














fen, 


o 








8 


1 




de of 


















na-\-o 


^ 2Na 


32 


4 




kof 




fia-\-lo 




36 


4.5 




with 














•ine, 





el 


CI 


36 


4-5 




e of 


















na-\-ol 


Na2Cl 


60 


7.5 






@, 


It 


Li 


10 

1 


1.25 


:^ 



', Soda, or Pure Soda, f Popnlaily, Salt, foriMft^f % HwVAa^J ««*«- 
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TEEMS or CHBMISTaT. 



NAMB. 




SYMBOLS. 




FBOPORTIOHAL 


Forms with . 
Oxygen, 
Protoxide of 


Dtlt. 

o 


WhewdL 


BeneUQS. 


Oxygen 8. 


Oxy 




U+o 




2Li 


8 

18 




BARIUM. 


® 


ha 


Ba 


70 




Forms with 
Oxygen, 
Protoxide of 

B.f 
DetUoxide of 

B, 


o 




5«+2o 



2 Ba 
2 'b9, 


8 
78 
86 


1 


Forms with 
Chlorine, 
Chloride of 
B. 


G 


cl 


Cl 
Ba2Cl 


36 
106 


1 


Forms with 

Bromine, 

Bromide ofB. 


(B 


br 


Br 
Ba2Br 


78.26 
114.26 


1 


Forms with 
Sulphur, 
Sulphuret of 
B. 


e 


8 

ba+s 


S 
Ba2 S 


16 
86 


1 


STRONTIUM. 


<^ 


sr 


Sr 


44 




Forms with 

Oxygen, 

Protoxide of 

S.X 

Deutoxide of 
S, 


o 


1 

sr-yo 
«r+2a 




2Sr 
2 Sr 


8 
52 
60 




Forms with 

Chlorine, 

Chloride of S, 





cl 
sr^cl 


Cl 
Sr2Cl 


36 
80 


1 


Forms with 
/ Sulphur, 


e 


s 


S 

\ 


16 





k}mmoDl^^ mhia^ \ Qo\owiQB\y, Bot|jU, \ Cctoaassi^'^ 



METALS, 
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MS. 



uret of 

€IUM. 

IS with 
video/ 
vide of 

ts with 

orine, 

deofC. 

IS with 

mine, 

deofC. 

18 with 
phur, 
ulphu^ 
fC. 

18 with 
thorns, 
\uret o/| 

B8IUM. 

8 with 

gen, 

9/Jlf.+ 

B with 
•rine, 
ie of 



} with 
line, 
Uf of 



SYMBOLS. 



Dalt. 



O 



/ 



G 

e 
e 

® 
o 

G 



WheweU. 



ca 



ea-\-o 
ca+2o 

cl 
ca-\-cl 

br 
ca-\-br 

s 

ca-\-s 



ea-j-p 
ma 



ma-^-o 

cl 
ma-^-cl 

br 



Benelias. 



Sr2S 
Ca 

O 
2 Ca 
2Ca 

Cl 
Ca2Cl 

Br 
Ca2Br 

S 
Ca2S 



PROPOBTIONAL WOT. 



Oxygen 8. 'Oxygen 1 



Ca2P 
Ma 

O 

2 Ma 

Cl 
Ma2Cl 



Br 



60 
20 

8 
28 
86 

36 
56 

78-26 
98-26 

16 
36 

15-71 

85-71 
12 

8 
20 

36 
48 

78-26 



7-5 
2-5 

1 

3*5 

4-5 

4-5 

7 

9.78 
12.28 

2 
4-5 

1-5 

4 

1-5 

1 
2-5 

4-5 
6 

9.78 



"NLa^^'aA ^^.^^X^XV*®* 



TimoDly, Lime, or Quick^Ume- ^ ConaaoxCLi* H.tt«w^«- 
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TEEM8 OF CHEMI8TET. 



MAXB. 


STMBOLS. 


PBOPOBTIONAL 


▲LuminuM. 


Dalt. 

® 


Whewell. 


BerzeUus. 




al 


Al 


10 




Forms with 

Oxygen, 
Oxide of A* 


o 




al-j-o 




2 Al 


8 
18 




Forms with 

Chlorine, 

Chloride of A, 


G 


cl 
al+cl 


Cl 
A12a 


36 
46 




Forms with 
Sulphur, 
Suiphuret qf 
A. 


© 


9 


S 
A12S 


16 
26 




Forms with 
Phosphorus, 
Phosphwret 
qfA, 


® 


P 


P 
A12P 


15.71 
25-71 




Forms with 
Selenium, 
Seleniuret of 
A. 


® 


86 

al-[-se 


Se 
A12Se 


40 
50 




GLUCINIUM. 


@ 


9l 


Gl . 


18 




Forms with 

Oxygen, 

Oxide of Gf 


O 




gl+o 




2G1 


8 
26 




YTTRIUM. 


@ 


yt 


Yt 


34 




Forms with 
Oxygen, 
Oxide of VX 


o 






2Yt 


8 

42 




Forms with 

Sulphur, 

Suiphuret of 

r. 


e 


9 


S 

Yt 2S 


16 
50 




Forms with 
Phosphorus, 
Photphuret 

qf r. 


® 


p 
yt-^-p 


P 
Yt2 P 


15.71 
49-71 





waaoDlj jiiumiHa, or Pvre Clay. \ OoimmoD\7, Gludna. tCommonl; 



ALKALISS AND EAETHS. 
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VAMB. 



STMBOLS. 



Dalt. 



L 



Forms idth 

Selenium, 

Seiemurei of 

r. 

THORIUM. 

Forms ivith 
Oxygen, 
Oside qf T* 

Forms vAth 
CUorine, 
Chhrideof 
T. 

Forms with 
Sulphur, 
Suiphuret qf 
T. 

Forms with 
Fhoq>horu8, 
Phoipkwret of 
T, 

smcoNiuii. 

Forms with 

Oxygen, 

Oafwtoo/Z.f 

Forms with 
Sulphur, 
Suiphuret of 
Z. 

SILICIUM. 

Forms with 

Oxygen, 

Oride of S.t 

Forms with 
Cblorinef I 



® 
O 

e 
e 
® 



o 



o 



Whewell. 



86 
ih 


thJfO 

el 
th+cl 

s 
th+s 

P 

th-^P 
zi 



jart+o 



si 



el 



Berzdins. 



Oxygens. 



8e 



Yt2Se 
Th 

O 

2Th 

CI 
Th2Cl 

S 
Th2S 



\ 



Th 2P 
Zi 

O 

2Zi 

S 

Zi2S 
Si 

O 

2 Si 

CV 



PROPORTIONAL WOT. 



Oxygen 1. 



40 

70 
67.6 

8 
75.6 

36 
113-6 

16 
86 

15.78 

83-31 
40 

8 
48 

16 

24 
8 

8 
16 



7-26 
845 

1 
9.45 

4.5 

11.95 

2 
13-40 

1.5 

9.95 
5 

1 
6 



3 
1 

1 
2 



\^ \ 



^^ 



\ 



• Commonly, TAoHiso. Ar CommoTajj^TATCW**-^ 

t Commonly, SUiea ; formerly S^9 5 \>7 Dt . TtioxDaoo.* ^wft^m- 
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TSRM8 OT CHSMI8TRT. 





NAMK. 


SYMBOLS. 


PROPORTIONAL W( 




Chloride of 


Dalt. 


Whewen. 


Berzelius. 


Oxygen 8. 


Oxygc 














S. 




siJtd 


Si 2 CI 


44 


5.^ 




Ponns with 


O 












Sulphur, 


s 


S 


16 


2 




Sulphuret of 














S. 


«*+•* 


Si2S 


24 


3 




ALKALIES AND EARTHS. 




POTASS. 


o 


ka-^o 


2K 


48 


6 




Forms "with 












Water, 


00 


A-f 


2H 


9 


1. 




Hydrate of 












P. 




h^ka+o 


2K2H 


57 


' 7. 




Forms with 






•• 








Carbonic acid, 




c+2o 


C 


22 


2. 




Carbonate of 






•• 








P. 




ka-\-o+c+2 


2K2C 


70 


8. 




Sesquicarbo- 














ofP, 




*a+o+3c+2 




81 


9. 




Bicarbonate 






• • 








P. 




*a+o+2 C4-2 


2K2C2 


92 


10. 




Forms with 






• •• 








Sulphuric acid, 




5+3 


S 


40 


5 




Sulphate of 














P. 




ka+o-^-s 


2K2S 


88 


11 




Fonns with 






• • 








Phosphoric 






• •• 








acid, 




P+|o 


2P 


35.71 


4. 




Phosphate of 














P. 




ka-\-p-\-lo 


" 


83.71 


10. 




Forms with 














Chromic acid. 




cr+io 




52 


6. 




Chromate of 












j p. 




fco-\-o-\-cr^^o\ 1 


100 


. 12. 


/ SichronuUe 
1 "/-P. 




ifco+o-V^ cr\\ 


.\ 


\ \^^ 


\^ 





.V...1., 


«OPO,.,.<,«ALW«.| 




^ 


Wtew.ll. 


fler.eUu^ 


Oiyeena 


Oiygea 1. 


1th 

id. 




or +3-0 




6a 


7-26 


ate 




h,+o+2ar+;« 




lfi4 


20-5 


ilh 
id, 
'P. 




4a+o + (t+,5o 




54 

1U2 


Ii75 
13-75 


Ah 








120 
16B 


IS 
21 


ith 
Id, 








50 


6.25 


■of 








98 
140 


12.25 
10-5 


ith 
rid, 
/ 








66 
114 
IHO 


B.25 
14.25 
■22. S 


lib 
id, 








3G 
04 
1-20 


4-5 
10-5 
15 


!ale 








156 
192 


19-5 
24 


•id, 1 

"1 


C+2o 


3Na 


33 


\ 1.--\-b 


na+o+c+a 


»\i-s*a«iy !• 


\ ^- 
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TBBM8 OF CHBMI8TRT. 



NAMK. 


8TMBOLS. 


PftOPORnONAA WM 




Dalt. 


WhewelL 


Berzeliiu. 


Oxygen 8 


.Oxygen i 


Sesquicarbo- 
nate of S, 

Bicarbonate 
qf S. 


na-{-o-\-\ c+2 o 
fki+o+2 c+2 


2Na2C2 


65 
76 


5-82 
9-5 


Forms -with 
Sulphuric add. 
Sulphate of 

S* 




«+3o 
na-f o+«+3 


••• 
8 

2 Na 2 8 


40 
72 


5 
9 


Forms with 

Phosphoric 

acid, 




P't^o 


•• 

••• 

2P 


35-71 


4.46 


Phosphate qf 

S. 
Biphosphate 

qf S. 




na+o+2 j»+fo 




67.71 
103*42 


8.4$ 
15-95 


Forms with 

Nitric acid, 

mtrate of S, 




n4-5 
na+o+^+5o 




54 
86 


6-75 
10-75 


Forms with 
Boradc add, 
Biborate of 
S. 








24 
80 


3 

10 


Forms with 

Arsenic add, 

Arseniate of 

S. 
Biarseniate 

ofS. 




arJfio 
na-{-o-\-ar'\-\ o 
na+o+2 ar-^^o 




58 

90 

148 


7*25 
11-25 
18-2 


Forms with 
Chromic acid, 
Chromate of 

S, 
Bichromate 

ofS. 




cr-^-^o 
»a+o+2er+Jo 




52 
186 


6-5 

17-5 


Forms with 
Columhic add, 




em+o 




158 


19.75 



# Po];ralAX\y, Gtauber** Sotta. 



ALKAUtS AND lAaTHI. 



Forma niih 
CuboDic: ncid, 
Carbonate of 

PonnB with 
Snlphnrio acid, 
Stdphate 0/ 



d 



TKKMI OP cmMi 






Forni* vitk 
Cai^DK ■rid. 



Phatp/uilr Iff 



VVrai* «iih 



e+9fl 
■+Sk+e+3( 

■ + 3fc+2i:+3 



Ifi+SA+y+jo 
m+3A+2p+(i 



»+3 ft+ar+J 






2 L 2 P i! 

3 N 2 H 1} 



95-71 
52-71 
88-12 



Xwv; 



ALKALUa AND EABTHS. 



.. 


.V...OL.. 


«o,<,.r. 


■AtW«. 




IMit 


Whewdl. 


Benelioa. 


Oiyeen 8 


Oxygen 1. 


ICflcid, 

ilate 




n+3A+2n*+3D 


s 


120 
40 


15 
33-l3fi 


uria 








24 


3 

5.135 


with 








120 
390 


15 
1M3S 


c«nd, 








£0 

ST 


6-25 
8-S7S 


.mlh 








50 
67 


e.25 
6-375 


with 
csrid, 
■so/ 








80 


8-35 


with 












tetoq/' 










„.. 


Aa+O 


2Bb 


78 


97fi 


vilh 


ba+e+al+h 


aeca 


37 




with . 




s+So 


\ i 


\« 


\ ^ 



otHjr, VtrialeefBartlm by PtfxMn, Permn'""** 
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TBKX8 OF CHSmSTKT. 



VAJiB. 1 srmmoiA. i 


PBOPORTl 


D-t-l 


WkeweU. iBeixdiiis. < 


OOIJSCD i 


! Sulphate of 
\ B. 




5a-fo+«+3« 




118 


Forms with 
! Phosphoric 

acid, 
! Phosphate of 
B. 
Biphosphate 
! ofB, 




6a+o+2 p+|o 


•• 

••• 

2P 


35-71 
14952 


Forms with 
Carbonic acid, 
Carbonate ofy 
B. 




c+2o 
ba-^o+c+2 


•• 
C 


22 
100 


Forms with 
Nitric acid. 
Nitrate of B. 




n+5 
ba+o+n-^5 o 


• •• 

2N 


54 
132 


Forms with 
Chromic acid, 
Chromate of 
B 




cr-\-io 
ba-^o+cr-\-io 




52 
130 


Forms with 
Columbic acid, 
Sesquicolum- 

bate of B. 




cm 4-0 
ba-\-o-^lcfn-\-o 




152 
306 


Forms with 

Acetic acid. 

Acetate of B, 






« 


50 
128 


Forms with 

Tartaric acid, 

Tartrate of B. 








66 
144 


Forms with 

Oxalic acid. 

Oxalate of C. 








36 
114 


Strontia. 


© 


sr4-o 


2Sr 


52 


Forms with 
Carbonic acid, 

• 




c+2o 


• • 

C 


22 



NT 
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I 

I* 


SYMBOLS. , 


PROPOKTIONAL WOT. 


f 


Dalt. 


Whewell. 


Beraelius. 


Oxygen 8. 


Oxygen l. 


teaf 




• • 








<r+o+c+2 


2Sr2C 


74 


9.25 


Tvith 






• • 






: acid, 




«+3o 


S 


40 


5 


^,ofS. 




sr+o+s-\-3o 




92 


11.5 


mih 












ic 






• • • 










p + io 


2P 


35.71 


4.46 


iteof 
















sr+o-\-p-\-i 




57.71 


10.96 


vnih. 






• • 
• • • 






acid, 




w+5 


2N 


54 


6-75 


€fS, 




«r+o+n-f 5 




106 


13.25 


with 












acid. 




(ir-{-io 




58 


7.25 


teaf 
















<r+o+ar+| o 




110 


1375 


\nth 












acid. 




cr-^^o 




52 


6-5 


ieof 
















<r-fo+or+J 




104 


13 


with 












acid. 








50 


6-25 


difS. 






« 


102 


12.75 


with 












J acid, 








66 


825 


eof 








118 


14.75 


with 












acid, 








36 


4-5 


icfS. 








88 


11 


late of 




















124 15.5 j 


WE. 


(S) 


ca-^o 


2Ga 


I *2» \ ^.^ 


With 1 ^ 1 


\ \ n. 


^d,l 1 «+2o J 2C 


\ ^ \ '^•'l^ 



M 2 



^\o 



t CHXMI8TKT. , 



«*«. 


««BOL>. 


p>n,o„ 


CarimuHeof 


Dlt 


Whewell. 


B.™itB.. 


OxTBen 




co+o+c+30 


2Co2'c" 


SO 


Forms mlh 
Sulphuric sdd. 
Sulphate of 




»+3o 
ea+D+!+3o 


's 
3 Cb a's 


40 

6B 


Fonni with 
add. 




P+i» 


2p' 


3571 


Phosphati af 




M+O+p+j 


2'n 


B3.71 


Formi with 
NLirit idd. 
Nitrate of L 




»+6o 
eo+o + n+So 




54 
82 


A^mc^d. 
^i-sentafe ef 
L- 




M+o+or+Jo 




58 
86 


Forms with 
Chiimic add, 
ChromaU^f 




co+o+rr+fo 




52 
80 


Form* KiA 
Tunpnicudd. 




fti + So 


w 


120 
U8 


Forms iritb 
ADedc Kid, 
Acetate afL. 








60 
7B 


For>)6 mA 
T«rl»rie idd, 
Tartrate iif L. 








GS 
94 


Forms with 
Onlkuid, 








36 
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.MB. 


SYMBOLS. 


PROPORTIONAL WOT. 




Dalt 


Whewell. 


BerzelioB. 


Oxygen 8. 


Oxygen 1. 


ic of L, 






64 


8 


•rNSSIA. 


® 


«Ra+o 


2Mg 


20 


2-5 


ns with 
t)chloric 

jchlorate 




ci+h 
ma-^o-^-cl+h 


2HC1 


37 
57 


4-625 
7*125 


m with 
rnic acid, 
fuite of 




c+2 
«a+o-fc+2 


• • 

C 


22 
42 


2.75 
5.25 


18 with 
iric acid, 
ate of 

^ 




8+3 

ma+o+«+3 


• • « 

s 

2Mg2S 


40 
60 


5 
5.5 


Q8 with 






•• 






lonc 
fiate of 






• • • 

2P 


35-71 
55.71 


4-46 
6.96 


18 with 
c acid, 
teofM, 




n+5o 
fna+o+n+5 o 


• • • 

2N 


54 

74 


6.75 
0.25 


8 with 
dc add, 
iate of 




tna+o+ar+lo 


• 


58 
78 


7.25 
9.75 


8 with 
lie acid, 
iate of 


• 


cr+|o 
ma-^-o+cr+lo 




52 
72 


65 
9 


18 with 
ic add, 
eofM. 








24 


3 



rmenjr, MuHeUe of Magnetia, t VopolBxVv* Epwm SaUa. 
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TERMS OF CHBMISTBT. 



VAUE, SYMBOLS. 




PKOPOBTIO 


] 

Forms 'with 


Dalt. 


Whewell. 


BerzeUns. 


Oxygen 8. 






50 
70 


Acetic acid, 








Acetate of M, 








Forms with 








66 


Tartaric acid, 








Tartrate of 
M. 








86 


Bitartrate of 
M. 








152 


Forms with 








86 


Oxalic acid, 








Oxalate ofM. 








56 


Binoxalate of 
M. 








92 


Alumina, 


® 


al^o 


2A1 


18 


Forms with 










Water, 


0© 


h-^o 


2H 


9 


Hydrate of 
A. 




al-^-o-^-h-^o 


2A12H 


27 


FomnfR with 










Hydrochloric 
acid. 




cl+h 


2HC1 


87 


Hydrochtorate 
of A* 




al-\-o+cl-^h 




55 


Forms with 






• • • 


A £\ 


Sulphuric add. 




s+3o 


S 


40 


Sulphate of A. 




a/+o+«+3o 




58 


Trimlphate 
of A. 




o/ 4-0+3 5+3 




138 


Forms with 






• • 




Phosphoric 
acid, 




PHo 


• • • 

2P 


35.7] 


Phosphate of 
A. 




o/+o+p+i 


• • 


53.7 


1 Forma vnth 
1 Nitric add. 




«-V5 


\ i'i^ 


\ Ti^. 



♦ Formerly, MuHote of AbfcwSua. 





.r»i»,... 


► «»*»«o«.. w«. 1 




D^ 


Wh«,™iL 


Bcndiiu. 


OiyeenS 


Onygeii 1- 


«</ 












■•l£ OJ 












will, 








58 
76 


7-25 
9.5 


mill 




or + ^o 




62 

70 
SQ 


G-5 

8-75 
6-25 


u.-i.l. 








68 


8-3 










66 
B4 


e-95 
10-5 


arid. 








36 
54 


4-5 
6-75 



: utility of a table of this kind will be better nndei^ 
from an eiaiDple or two of its application in practice. 
Jose," says Dr. Thomson, in hU elaborate and pro- 
work, entitled First Principles, " I obtain in any 
ment 150 gr^ns of dry sulphate of baryta, end that 
t to know how many gr^ns of Hiil])Uuri(! uciil they 
a, I must look for sulphate of baryta. Its propor- 
weightis 14.75, containing five of sulphuric acid. I 
erefore, 

•3 :5::150: dO-847 = BdpbuiicsMAi vft \ya igwaa *& 
'■e of baryta. 



" FoT sulphate of baryta, which is a calculation of p«ipe 
lual recorrence io the laboratory, a good method U, la bav 
a part of the process ready finished, and lying at hand fii 
use. This may be done in the following- way ; — 
The logarithm of 5 is . , 0.6989700 

Subtract the log. of 14.75 . 1.1687920 

Remains . 1.5801780 
" This conetant logorithni is to be added to the log 
rithm of the sulphate of baryta of which you wish to koo 
the sulphuric acid. In the present example the qoantil 
is ISO grains. 

Lc^rithmof 150 . . . 2.1760913 

Add 1.5301780 

Sum . 1.7062693 
" Now this is the logarithm of 50.847, the quanti 
found above. 

al.6:7.5:!240:83.72 = thc weight of common si 
required." 

Agiun : " Suppose I have a solution of 90 grains 
oxalic acid crystals, and that I wish to know how mu 
bicarbonate of potass will be necessary jtist to satuiaie t 
add. I find that the proportionate weight of oialic ai 
crystals is 9 ; consequently 90 is equivalent to ten prop< 
rionals, 1 find that the atom of bicarbonate of potash 
12.625. Consequently, 120J25, or ten atoms, is the qui 
tity that would be required, if the bicarbonate contMu 
only one atom of water ; but, as it usually contains onea 
a half atoms of water, 131.675 gr^ns will be requisite," 
The formuliE which I have given from Professor Wl 
well, and which have not, that 1 am aware of, been befo 
introduced mto any elementary work, will tend also 
assist in such calculations, as well as to show by inspt 
loa the CDostitueuta of many compoimAa, 
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ACBTATS OF ALUMINA, 183 

Ammonia, 177 

Baryta. 178 

Lead» 180, n. 

Lime, 180 

Magaesia, 182 

Potau, 82, n. 173 

Soda, 175 

Stzontia, 179 
Acid, Antimonic, 168 

Antimonious, ib. 

Aneoic, 164 

Araenious, ib. 

Chromic, 166 

Columbic, 167 

Molybdic, 166 

Molybdous, ib, 

Tungstic, 167 
Acidum, 78 n. 
Acidum aceticum, 82 n. 
Acidum nitricum, 74, n. 
Acidum oxalicum, 83 n. 
Affinity, 129, n. 
Alcohol, 90, n. 188 , n. 
Algaroth, 167, n. 
Alumina, 182 

Acetate of, 188 

Aneoiateof, ib. 

Chiomate of, ib. 

Dinitrate of, ib. 

Hydrate of, 182 

Hydrochlorate of, ib. 

Muriate of, 182 n. 



Alumina, 
Oxalate of, 188 
Phosphate of, 182 
Sulphate of, ib. 
Tartrate of, 183 
Trisnitrate of, ib. 
Trisulphate of, 182 

Aluminiimi, 170 
Chloride of, ib- 
Oxide of, ib. 
Phosphuret of, ib* 
Seleniuret of, ib. 
Sulphuret of, ib. 

Ammonia, 176 
Acetate of, 177 
Arseniate of 176 
Benxoate of, 177 
Bicarbonate of, 176 
Bichromate of, ib. 
Binarseniate of, ib, 
Binoxalate of, 177 
Biphosphate of, 176 
Bitungstate of, 177 
Borate of, ib. 
Carbonate of, 176 
Chromate of. ib. 
Nitrate of, ib. 
Oxalate of, 177 
Phosphate of, 176 
Sesquicarbonate of* ib. 
Succinate of, 177 
Sulphate of » 176 
Taxtnte c*,\ii 
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INDEX. 



Amorphous. 110 n. 
Analysis, US, n. 
Antimony, 157 
Bichloride of, 158 
Bisulphuret of, ib. 
Bromide of, U>. 
Deutoxide of. <&. 
Dichloride of, <&. 
Hydro-oxy-sulphuret of, ib» 
Oxysulphuret of, ib. 
Peroxide of, ib. 
Protochloride of, ib. 
Protosulphuret of, ib. 
Protoxide of, 157 
Seaquisulphuret of, 168 
Antimonial powder, 168, n. 
Antimonic acid, 168 
Antimonioiis add, 168 
Ar^Uaceous, 40, n. 
Ar^, 40, n. 

Arsoiiate of alumina, 183 
ammonia, 176 
lime, 180 
magnesia, 181 
soda, 174 
strontia, 170 
Arsenic, 164 
Bromide of. 166 
Iodide of, ib. 
Persulphuret of, t&. 
Protooiloride of, ib. 
Protosulphuret of, ib. 
Sequisulphuret of, ib. 
Arsenic add, 164 
Arsenious acid, ib. 
Arsenici oxydum album, 78, n. 
Arsoiite of potass, 86, n. 
Arseniuretted hydrogen, 156 
Atomic theory, 187 n. 
Attraction of cohesion, 130, n. 

Barium, 168 

Bromide of, ib. 

Chloride of, i6. 

Deutoxide of, ib. 

Protoxide CfL ib. 

Sulphuret of, ib. 
Baryta, 168, n. 177 

Acetate of, 178 

Biphosphate of. ib. 

CarlMuate of, ib. 

Chromate of, ib, 

H ydrochlorate of, IT7 

Nitrate of, 178 

Oxalate of, ib. 

Phosphate of, <6. 

^esqujcolumbate of* Uh 



Baryta, 
Sulphate of, 178 
Tartrate of, ib, 
Barytes, 68, n. 

Muriate of, 177 
Bensoate of ammonia, 177 

potass, 178 
Biarseniate of ammonia, 176 

soda, 174 
Biborate of soda, ib. 
Bicarbonate of ammonia, 176 
potass, 172 
soda, 174 
Bichloride of antimony, 168 
mercury, l&i 
molybdenum, 166 
osmium, 164 
palladium, 152 
platinum, 160 
tin, 165 
tungsten, 167 
Bichromate of ammonia, 176 
potass, 172 
soda, 174 
Binaeetate of potass, 178 
Binarseniate of potass, ib. 
Binary, 187 n. 
Binlodide, 153 
Binoxalate of ammonia, 177 
magnesia, 182 
potass, 173 
soda, 176 
strontia, 170 
Biphosphate of ammonia, 176 
baryta, 178 
soda, 174 
Bismuth, 160 
Bromide of, i&« 
Chloride of, ib. 
Protoxide of, t&. 
Sulphuret of, ib. 
Bisulphuret of antimony 168 
cobalt, 166 
copper, 161 
iron, 168 
mercury, 162 
osmium, 154 
tin, 166 
Bitartrate of magnesia, 183 

potass, 168 
Bitungstate of ammonia, 177 
Black-lead, 168 
Black oxide of iron, 188 
Blue oxide of iron, ib. 
Borate of ammonia, 177 
magnoia, I8l 



158 



158, n. 



Bromide of antimony, 

arsenic, 155 

tMuium, 188 

bismuth, 159 

calcium, 169 

magnesium, ib* 

sine, 164 
Bromine, 148 
Butter of antimony. 

Cadmium, 164 

Chloride of, ib. 

Iodide of, ib. 

Oxide of, ib, 

Phosphuret of, ib 

Sulphuret of, ib. 
Calcium, 4 n., 169 

Bromide of, ib. 

Chloride of, ib, 

Deutoxide of, ib. 

Phosphuret of, ib. 

Protosulphuret of, ib. 

Protoxide of, ib. 
Calomel, 161 
Caloric, 89, n. 
Calx, 31, n. 

Carbon, 4, n. 39, n. 51, n. 
Cartwnateof ammonia, 9T, n. 176 

baryta, 1T8 

cobalt, 166 

lime, 180 

lithia, 175 

magnesia, 181 

potass, 173 

soda, 173 

strontia, 179 
Carbonic add gas, 4, n. 
Carbonate of lime, 4, n. 
Carbonate of soda, 89, n. 
Carburet of iron, 163 

lead, 161 
Caustic soda, 39, n. 
Cerium, 159 

Deutoxide of, Ut, 

Protoxide of, ib. 

Sulphuret of, ib. 
Chalk, 180, n. 
Chloride of aluminium, 170 

barium, 168 

bismuth, 159 

boron, 148 

cadmium, 164 

calcium, 169 

cobalt, 166 

columbium, 157 

iridium, 153 

lead, let 

magneaumt 169 
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Chloride of 

manganese, 162 

potassium, 166 

selenium, 171 

silver, 161 

sodium, 41, n. 167 

strontium, 168 

tellurium, 160 

titanium, ib, 

thorium, 170 
Chlorine, 83, n. 147 
C*hlorochromic acid gas, i65 
Chromate of alumina, 188 

ammonia, 176 

baryta, 178 

lime, 180 

magnesia, 181 

potass, 172 

soda, 174 

strontia, 179 
Chromic acid, 185 
Chromium, 155 

Phosphuret of, 156 

Protochloride of, 155 

Protoxide of, ib. 

Sulphuret of, 150 
Cinnabar or vermilion, 161 
Cobalt, 165 

Bisulphuret of, ib. 

Carbonate of, 166 

Chloride of, ib, 

Oxysulphuret of, 165 

Peroxiae of, ib. 

Protosulphuret of, ib. 

Protoxide of, ib. 
Cohesion, 126, n. 
Columbate of soda, 175 
Columbic acid. 157 
Columbium, 157 

Chloride of, ib. 

Fluoride of, ib. 

Oxide of, ib, 

Sulphuret of, ib. 
Combustion, 10, n. 98, n. 
Copper, 160 

Bisulphuret of, 161 

Perchloride of, ib. 

Peroxide of, 160 

Phosphuret of, 161 

Protochloride of, 160 

Protosulphuret of, 161 

I>rotoxide of, 160 
Copperas, 168 
Crystal, 119. n. 
Cyanogen, 149 
Cyanuret of irou, %\ « n. 

meicun » %Q »xi. \Vi - 



r 



ni<E^fi»Jum1i 



Gu, Chloiochromic ari'l. 
FItiiKtaimnlcHid. liB 
TellunttedfavilRieeu, I 



PlWxhtaHdE ur. If 
Sl^phuiM al, till 
GhilSBei Eiiu. IT* 



Hydroffurcr ofpc 



DbolpbittifKif Dickd, TH 
Pat M ahedwrn, m, n. 
Dovble nilptaunli, tt. n. 



emx^ODiUf of pcmnidg of inm. 
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Lime 

Carbonate of« 180 

Chiomate of « <6. 

Nitrate of, i6. 

Oxalate of, 181 

Phomhuretof, 180 

Sulphate of, ib. 

Tartrate of, ib. 

Tungstate of, ib. 
Lfanestoiie,iiio, n. 
Lithia, 168, n. its 
Carbonate of, ib. 

Phecphateof, 1T6 

Sulpnate of, it& 
Lithium, 16T 

Protoxide of, 168 

Blagnetia, 169 n. 18I 

Acetate of, 183 

Arseniate of, I8i 

Binoxalate of, 182 

Bitartrate of, ib. 

Borate of, 181 

Carbonate of, ib. 

Chromate of, ib. 

Hydrochlorate of, ib. 

Muriate of, 48 n. 181 n. 

Nitrate of, i6. 

Oxalate of, 18S 

Phosphate of, 181 

Sulphate of, ib. 

Tartrate of, I8S 
Magnesium, 169 

Bromide of, ib. 

Chloride of, ib. 

Oxide of. ib. 
Manganese, 169 

Chloride of, ib. 

Deutoxide of, ib. 

Fluoride of, ib. 

Peroxide of, ib. 

PhosphureC of, ib. 

Protosulphuret of, ib. 

Protoxide of . ib. 

Red oxide of, ib. 
Marble, 180 n. 
Marine Acld« 41 n. 
Marl, 180, n. 
Mercury, xin. iQl 

Bichloride or Perdiloilte eClfl 

Biniodide of, 183 

Bifulphuret of, ib. 

Cyanuret of, a>. 

Peroxide of, 1(1 

Prododide of, 189 

Protochloride of, 181 

ProtosuJpliojvC of, 169 

Protoxiaeoit JI6 



MoUusoa, 44 n. 
Molybdenum, 156 

Bichloride of, ib. 

Deutoxide of, ib. 

Perchloride of, ib. 

Persulphuret c^, ib. 

Protodiloride of, ib. 

Protosulphuret of, ib. 

Protoxide of, ib. 
Molybdic add, 156 
Molybdous add, ib. 
Muriate of barytes, itt 
Muriatic add, 41 n. 
Muriatic add gas, ISO n. 

Natura, 88 n. 
Neuter, 66 n. 
Nickel, 166 

Disulphuret of, ib. 

Peroxide of, ib. 

Phosphuret of, ib. 

Protosulphuret of, ib. 

Protoxide of, ib. 
Nitras Potassse, T5 n. 
Nitrate of ammonia, 9T, n. 176 

baryta, IT8 

lime, 184 n. 180 

magnesia, 181 

potass, T5,n. 135, n. its 

soda, 174 

strontia, ITO 
Nitric oxide, 76, n. 
Nitrogen, 147 
Nitrous oxide, 76, n. 
Nomendature, 148, n. 

Olloftartar, 68, n. 

Oil of vitriol, 9, n. 9t, n. 

Osmium, 158 

Bidiloride of, 1S4 

Binilphuretof, ib, 

Deutoxide of, 158 

Petdiloride of, 1S4 

Peroxide of, 15S 

Persulphuret of, 164 

Protodiloride of, ib. 

Protosulphuret of, IM 

Protoxide of, 168 

Seaquioxide of, 169 

Sesquisulphuret of, 184 

Terddoride of, ib. 

Trisulphuret of, ib. 

Tritoxideof, 169 
Oxalate of alumina, 188 

ammonia, 177 

baryta, 178 

Ume,\«\ 
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DeuUnJde of ib. 
Pfinp'hunl of, i«. 



Phot^Ma'of, 
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Potass 

Quadioxalate of, ITS 

Sesquicarbonate of, 1T2 

Sulphate of, ib. 

Tartrate of, 1T3 

Teroxalate of, t&. 
Potassium, 166 

BUnilphuret of, 16T 

Chloride of, 166 

Hydroguret of, 16T 

Iodide of, ib. 

Peroxide of, 166 

Persulphuret of, 16T 

Phosphuret of, W. 

Protosulphuret of, ib. 

Protoxide of, 166 

Q\iadro«ulphiuret of, 16T 

Trisulphuret of, ib. 
Precipitate per se, 31, n. 
Protiodide of mercury, 1S2 
Proto-bromide of iron, 163 
Protochloride of antimony, 198 

arsenic, 166 

chromium, i6. 

copper, 160 

ffOld,149 
uon, 168 
mercury, 161 
molyl^denum, 166 
osmium, 164 
palladium, 162 
platinum, 160 
rhodium, 168 
tin, 166 
sine, 164 
Protosulphuret of antimony, 

168 
arsenic, 
calcium, 169 
cobalt, 166 
coppo*, 161 
iron, 168 
maxigane8e,l63 
mercury, 162 
molybdenum, 166 
nickel, 166 
osmium, 164 
potassium, 16T 
tin, 165 
Protoxide of antimony, 16t 
barium, 168 
bismuth, 169 
calcium, 169 
cerium, 169 
chromium, 166 
cobalt, 166 
copper, 260 



Protoxide of gold, 149 

iridium, 158 

inm 28, n. 168 

lead, 161 

lithium, 168 

manganese, 86, n. 

mercury, I6i 

molybdenum, 166 

nickel, 166 

nitrogen, 76, n. 

osmium, 168 

palladium, 152 

platinum, iso 

potassium, 166 

rhodium, 168 

sodium, 16T Bl 

strontium, 168 

tin, 166 

titanium, 160 

uranium, 168 
PrussiatecniroQ, 81 , n. 

mercury, 88, n. 

potass, 181, n. 
Pulmonary vein, 105, n. 
Pyrites, 69, n. 

Quadrosulphuret of potassium, 

16T 

Quadroxalate of potass, 1T8 
Quantitative analysis, 186, n. 
Quaternary, 138, n. 
Quicklime, 169 
Quiescent afl^ty, 188, n. 
Quinquenary, 188, n. 

Radius, 108, n. 
Red lead, 161, n. 
Red oxide of iraa, 168 
Red oxide of manganese, 162 
• Red pmcipitate, 161 
Rhodium, 162 

Peroxide of, 168 

Protodiloride (tf ib. 

Protoxide of, ib, 

Sesq^uichloride of, 
RhomDoidal, 46, n. 
Rhutenium, 1, 64 
Rust, 168 

Sadactate of soda, 116 
Sal, 84, n. 
Sal volatile, 66, n. 
Salsola kali, ib. 
Salts, Glauber's, 1T4 

Epsom, 181 
Selenium, iM 
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Sulphuret of zinc, 164 
Tartrate of alumina, 183 

ammonia, 1T7 

baryta, 178 

limcj 180 

magnesia. 182 

potass, ITS 

soda, 1T5 

strontia, 1T9 
Telluretted hydn^en gas, 160 
Tellurium, 160 

Chloride of, t&. 

Hydraret of, t6. 

Oxide of, ib, 
Terchloiide of osmium, 154 
Ternary, 188, n. 
Teroxolate of potass^ 178 
Thorina, I71,n. 
Thorium, i7l 

Chloride of, ib. 

Oxide of, ib, 

Phosphuret of i&. 

Sulphuret of, ib. 
Tin, 166 

Bichloride of, ifr. 

Bi8uli)huret of, ib. 

Peroxide of, ib, 

Protochloride of, ib. 

Protosulphuret of, ib. 

Protoxide of, ib. 

Sesquisulphuret of, ib. 
Titanium, 159 

Chloride of. 163 

Peroxide of, ib. 

Protoxide of, ib, 

Sulphuret of, ib, 
Trismtrate of alumina, 188 
Trisulphate of alumina, 182 



Trisulphuret of osmium, 154 

potassium, 167 
Tritoxide of osmium, 153 
Tungstate of lime, 180 
Tungsten, 157 

Bichloride of, ib. 

Oxide of. U>. 

Perchlonde of, ib. 
Tungstic acid, 157 

Uranium, 158 

Peroxide of, 158 

Protoxide of, 151 

Sulphuret of, 159 
Urate of soda, 175 

Varvieite, 162 
Vitriol, 9, n. 

Yttria, 170, n. 
Yttrium, 170 

Oxide of, ib, 

Phosphuret of, ib» 

Seleniuret of, ib, 

Sulphuret of, ib. 

Zero, 90, n. 
Zinc, 168 

Bromide of, 164 

Iodide of, W. 

Protochloride of, ib. 

Sulphuret of, ib, 
Zirconia, 171 
Zirconium, ib. 

Oxide of ib. 

Sulphuret of, ib. 



THE END. 
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